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Foreword. 


As Question III deals with the vehicle 
and the track, two reporters were no- 
minated in Germany, one of whom has 
specialised in rolling stock, and the 
other in the permanent way. The ques- 
tion has therefore been dealt with in two 
separate reports, linked together by a 
single questionnaire covering the two 
sections. The first part of this ques- 
tionnaire, drawn up by the reporter on 
the part of the question relative to the 
vehicles, was also utilised with some ad- 
ditions by Mr. H. Dey, Ministerial Coun- 
cillor, the reporter of the Czechoslova- 
kian State Railways, at Prague. 

The part of the report dealing with 
the vehicles has been based upon the 
replies received to these questions. On 
the whole the report follows the divi- 
sion of matter adopted in the question- 
naire but in drawing up the report this 
division has undergone some slight mo- 
difications. 

Chapter I and II of the first part of 
the report, dealing with the vehicles, are 
principally of a discriptive and statis- 
tical nature. The reader will find there- 


in a review of the information supplied 


to us and will learn to understand the 
more essential features of construction. 
Chapters III and IV contain consider- 
ations of the principles affecting the 
method of support and of guiding. The 
results and the conclusions are usually 
summed up immediately after the inform- 
ation given and are printed in italics 
so as to bring them out more noticeably: 
_-they do not therefore appear solely at 
‘the end of the different chapters. In 
various places ifalics are used to facili- 
tate the search for the substance of the 
chapter and thereby to appreciate its 
contents, especially when the latter are 


of a descriptive character. Our task © 


was to consider questions of principle 
rather than the statistical side of the 
subject. Some details were however 
unavoidable in chapters I and IJ, and 
also occasionally in chapter IV. 


Replies were not received from all 
railways; some of the replies were re- 
ceived so late that we were not able 
to make use of the information contain- 
ed therein in the statistical tables and 
in the text we could only take into 
account details of particular note. 

The part of the report which deals 
with the permanent way also follows 
the division of matter of the question- 
naire. This part of the questionnaire 
was drawn up in its main lines by 
Mr. Deyl, and completed in certain de- 
tails by the author of the second part of 
the present report. The considerations 
developed therein are preceded by an 
investigation which deals with the 
relations between speed, safety and 
track. Here again,. ifalics are used to 
facilitate the appreciation of the differ- 
ent questions dealt with and the results. 


A. — THE VEHICLE. 
CHAPTER I. 


General arrangement of the vehicles ; 
running gear, 


1. — Steam locomotives and tenders. 


For high speeds, locomotives with 
four-wheeled guiding bogies are used al- 
most exclusively, Out of the 30 steam 
locomotives reported as suitable for high 
speeds and grouped by wheel arrange- 
ment, method of support, and country, 
in table 3 of Chapter Il, 27 locomotives, 
i.e. 90 %, for maximum speeds of 80 to 
120-km. (50 to 74.5 miles) an hour, have 
four-wheeled guiding bogies, and one 
locomotive the maximum designed speed 
of which is 100 km. (62 miles) per hour, 
has a guiding bogie consisting of a carry® 
ing pair of wheels and a pair of coupled 
wheels of the Krauss-Helmholtz type. 
Two locomotives only, the 2-8-0 and the 
2-8-2 of the North of Spain Railways are 
fitted with a leading pony truck. The 
maximum speeds of these two locomo- 
tives have not been reported. 
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The wheel base of the bogies in gener- 
ally, 2.20 m. (7 ft. 2 5/8 in.) for 4-6-2 
locomotives of standard gauge and the 
Spanish broad gauge; it is only 2.15 m, 
and 2.30 m, (7 ft. 5/8 in. and 7 ft. 6 9/16 
in.) on two locomotives of this type. 
The differences are more marked in the 
case of the standard gauge 4-6-0 loco- 
motives, with a bogie wheel base of 2 m. 
(6xft26 3/4 an.)5 2:10 lmas Chiao ome). 
2.20° mi. (7 ft 5) Sein) sade Oe ae 
(7 ft. 6 9/16 in.). In the case of the 4-6-0 
broad gauge locomotives of the Finnish 
[1.524 m. (5 ft.).] and the Spanish 
[1.67 m. (5 ft. 5 3/4 in.)] railways, the 
bogie wheel base is-2 m. (6 ft. 6 3/4 in.). 
The 4-6-2 locomotives of the Dutch East 
Indies State Railways, of 1.067 m. (3 ft. 
6 in.) gauge, have bogie wheel bases of 
1.80 and: 193eme (ot ein andeoeit: 
4 25/32 in.); in the case of the 4-6-4 
locomotives of the same railway the 
wheel base is 2 m. (6 ft. 6 3/4 in.). 

The rigid wheel base of steam loco- 
motives, i.e. the wheel base of the outer 
coupled pairs of wheels rigidly mounted 
in a common frame, varies as would 
be expected, widely; it depends among 
other things, on the number .of coupled 
wheels (22 locomotives have 3 pairs of 
coupled wheels and 8 locomotives have 
4), and upon the diameter of the coupled 


wheels; it differs, moreover, according 


as the brake blocks are placed on a line 
_ through the horizontal centre line of the 
wheels as on the standard German State 
Railway locomotives, or lower down, 
and according to the base or length of 
support considered appropriate to the 
length of the vehicle. Among other 
factors which contribute.to good riding 
and which reduce the striking angles 
eduring hunting movements on_ the 
Straight, ie. at high speed, the rigid 
wheel base must be first mentioned. Tt 
is a good thing to make it as large as 
possible: the turnouts and curves govern 
the limits. The rigid wheel base in 
former times was often restricted by 
regulations which specified that it should 


~~ 
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not exceed a certain numerical value. 
This procedure was materially wrong, 
as above all the arrangement of the 
vehicle must be such as to assure the 
greatest possible safety in running. The 
rigid wheel base therefore should always 
be determined solely after consideration 
of the whole of the running gear of the 
vehicle and of the parts connecting these 
details together; care should be taken 
that the running gear as a whole can 
without difficulty pass through the turn- 
outs and curves without any wedging 
action. 

An obvious condition when the guid- 
ing is to give the required degree of 
safety is that geometrically the running 
should be irreproachable. A locomotive 
which with its tender can easily pass 
over points and crossings will not ex- 
perience any difficulty in running ~ 
through curves on the running line. ~ 
Frequently the angles of intersection of 
the old types of turnouts had the result 
of making the maximum values of the 
striking angles on curves on running 
roads double their own value. We have 
therefore quite naturally decided not to 
quote the dimensions of rigid wheel 
bases taken from the drawings sent us. 

One of the principal factors as regards 
the guiding pressure between the guiding 
wheel of the first pair of wheels and the 
rail, ie. as regards the relationship be- 
tween this transverse force and the wheel ~ 
load, is the guided length of the vehicle, — 
or in other terms the distance separating 
the parts of the vehicle (pairs of wheels, 
bogie centres) which govern the position 
of the horizontal axis of the vehicle 
relatively to the track. The guiding force : 
acting on the wheel which comes into _ 
contact with the rail on a curve has to _ 
overcome.all the slipping resistances at _ 
each wheel at the same time supposing _ 
that no other wheels are hard against _ 
the rail nor take any part in the guiding 
(cf, Chapter IV); this makes the ‘Vehicle > 
turn about the « friction centre » with 
a leverage equal to its gistance from the — - 
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perpendicular through the centre of 
gravity and the longitudinal axis of the 
vehicle. This distance differs from the 
guided length. In a general way the 
leverage increases with the increase of 
the guiding length. The greater this 
length proportionally to that of the rigid 
wheel base, the smaller the turning force 
acting on the straight and on the curves 
on the longitudinal axis of the vehicle, 
and the smaller the transverse pressure 
(guiding pressure) of the flange of the 
guiding wheel pressed against the side of 
the rail, and with it the risk of the 
guiding wheel climbing the rail. Any 
tendency of the guiding wheel to mount 
the rail must therefore be prevented by 
all means possible. The first of these 
means consists in reducing the guiding 
pressure as much as possible and making 
certain that there is sufficient weight 
on the leading wheel. These questions 
are considered more closely in Chapters 
II and IV of the present report. All 
that need now be said here is that, as 
regards the numerical value of the ratio 
of the guided length to the rigid wheel 
base, that it varies between 1.856 and 
1.510 for the high speed steam locomo- 


tives mentioned in the replies. iMae= 


maximum value 1.856 is that of the 4-6-4, 
series 28, locomotive of the Dutch East 
Indies State Railways [1.067 m. (3 ft. 
6 in.) gauge]; then the 4-6-0 Netherlands 
and Norwegian State Railways locomo- 
tives with 1.833; the Danish State 4-6-0 
with 1.815; a former Saxon 4-6-0 loco- 
motive with 1.797; the other German 
locomotives have values of 1.713 to 1.63, 
-this latter value being that of the stand- 
ard 4-6-2, series 01, locomotives. The 
smallest values are those of the 4-8-0 
and 2-8-0 types, broad gauge, Spanish 
locomotives which have up to 5.70 m. 
(18 fr. 8 7/16 in.) rigid wheel base. 


A question of principle ts whether, in. 


addition to the directing wheels of the 
bogie, the first pair of wheels of the 
rigid wheel base ought to take part in 
the guiding on small radius curves. 


At its 1909 Convention, the German Rail- 
way Association made the following re- 
commendation on this point: 


It is recommended that the bogie be given 
sufficient lateral play for the flanges of the 
first pair of wheels rigidly mounted in the 
frame to come into contact with the outer 
rail on the sharpest curves on the running 
lines. 


This point of view was abandoned 
in the new edition of 1930. This change 
of opinion will be understood if it is 
realised that the guiding is chiefly com- 
promised by the transverse forces set up 
in the form of shocks, and which may 
always occur, seeing that irregularities 
in the lining of the track are inevitable. 
These phenomena have been carefully 
enquired into and the important part 
played by the mass acting at the point of 
shock, known as « reduced mass » which 
is notably smaller at the bogies wheels 
placed at a considerable distance ahead 
than at the first coupled pair of wheels 
of the rigid wheel base, which is much 


closer to the centre of gravity of the 


locomotive, in these transverse forces 
seen as shocks, has been recognised. The 
value of the side play of the bogie and 
of the details of the running gear which 
cause the locomotive, when running 
through a curve, to take such a geo- 
metrical position that the guiding can be 
assured by a single point or by two 
points of the vehicle depends upon the 
solution given to this question of prin- 
ciple. Some 12 administrations expres- 
sed their opinion on this matter: 7 state 
that they prefer guiding by the bogie 
centre alone, and 5 consider that the first 
pair of rigid wheels in the frame should 
also play some part in guiding, although 
of these 5 companies 2 add that on curves 


of less than 300 m. (15 chains) radius 


and on turnouts the guiding should be 
assured by the bogie alone. This shows 
that there is a certain diversity of detail 
in the running gear. 

It would be useless however to give 
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at this potnt particulars of the wheels 
with side play and those with thin 
flanges, as the conditions of the turnouts 
which the locomotives have to run 
through are not known. Nonetheless 
investigations have been made upon a 
number of steam locomotives on a curve 
of 300 m. (15 chains) radius and in 
order to be able to compare them upon 
the same basis, on the 1 in 8 Baden 
turnout [r—165.41m. (8 1/4 chains) | 
and the new German State Railways’ 1 
in 6.6 turnout [r=190 m.(9 1/2 chains) }. 
For this enquiry the following engines 
were selected : 

The 2-8-2, series-19, of the German 
State Railways, with Krauss-Helmholtz 
bogie and a rigid wheel base of 4 m. 
(13° ft. 1 1/2 1m)s 

The 4-8-2 of the Madrid-Saragossa-Ali- 
cante Railways with a rigid wheel base 
of 3.70 m. (12 ft. 1 43/64 in.); 

The 4-6-4 tank locomotive of the Ne- 
therlands Railways with a 4.20 m. (18 ft. 
9 23/64 in.) rigid wheel base; and 

The 4-8-4 tank locomotive of the North 
of Spain Railways with 5.10 m. (16 ft. 


9 in.) rigid wheel base and only 45 mm. — 


(1 49/64 in.) bogie side play, on each 
side of the centre. 

The result of this investigation is that 
on a curve of 300 m. (15 chains) radius 
the leading pair of coupled wheels of 
all these locomotives takes its part in 
guiding the locomotive. This is even 


more the case on curves of greater radius - 


and also momentarily on the straight, 
should the vehicle hunt. In the turnouts 
considered, the guiding is due almost 
exclusively to the bogie. An exceptional 


case is that of the 4-8-2 locomotives of 


the Madrid-Saragossa-Alicante Railways, 
on which, when passing through the 1 in 
6.6 turnout of the German State Rail- 


ways, the first pair of coupled wheels - 


continuously takes part in the guiding, 

We have mentioned these detailed 
examples in this Chapter I to show to 
what extent the side play, the flange 
Cee etc., ought to vary with the 


ts 


a 


design of the turnouts. This is why 
we have decided not to deal more fully 
with this matter at this point, especially 
as the question of guiding is considered 
as a whole in Chapter IV. 

The tenders do not give rise to any 
special remarks. 


2. — Electric locomotives. 


Among the 18 electric locomotives 
more or less explicitly dealt with in the 
replies to the questionnaire, 4 locomo- 
tives have not been considered in the 
present report, because their speed is 
only 65 and 70 km. (40.4 to 43.5 miles) 
per hour or because, owing to the small 
diameter of their driving wheels and the 
arrangement thereof, they do not appear 
to be suitable for high speeds. Table 4 
of Chapter II gives a general review of 
the wheel arrangement, methods of sup- 
port and the owning administrations of 
the 14 locomotives still to be examined 
in this report. 

The maximum speeds of the German 
State Railway locomotives are from 90 
to 110 km. (56 to 68.3 miles) per hour; 
the electric locomotives of the Swedish 
State and the Dutch East Indies State 
Railways can run up to $0 km. (56 miles) 
per hour. The North of Spain Railways 
have not given the maximum speeds of 


their electric locomotives. 


The high-speed electric locomotives 
are fitted with many different types of 
contro] and driving gear. Some of the 
locomotives have one or several motors 
carried above the frame, the rotary 
motion thereof being transmitted by in- 
clined rods to one or two quills and from 
these by coupling rods to the driving 
wheels (the 4-6-4, series E 06, and- the 
4-8-2, series E 5, of the German State 
Railways), while the most recent loco- 
motives without exception have indivi- 
dual axle drive on the Buchli, Westing- 
house, and Linke-Hoffmann systems or 


are driven by axle-hung (nose-suspend- oo. 
ed) motars. These locomotives are fit. | 


~ 
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ted with as many as 8 traction motors. 

The electric locomotive, like the 
Steam tank engine, has to run equally 
well in both directions. It might be 
thought in consequence that four-wheel- 
ed bogies consisting of either two pairs 
of carrying or one pair of carrying and 
one pair of driving wheels would be used 
in about the same proportion as on steam 
locomotives, This is not the case how- 
ever, as only 64.3 % of the electric loco- 
motives have four-wheeled bogies as 
compared with 93 % of the steam loco- 
motives. The reason for this is that the 
electric locomotives do not as a rule have 
to be so heavy per horse power as the 
steam locomotives. For example, .the 
average weight per electric horse power 
(continuous rating) of the 1Do1 loco- 
motives of the E16, E165 and E17 series 
of the German State Railways is 38.3 kgr. 
(83.9 lb.), instead of 68.2 ker. (150 Ib.) 
for the 2-8-2 series 39°-2 (old P 10 class) 
steam locomotives of the same railway. 
The required continuous output can be 
obtained in the first case by a lighter 
construction than in the second and con- 
sequently fewer pairs of wheels are 
needed. = 

The result of this is that on 28.6 % 
of the electric locomotives designed to 
run in both directions and on a further 
21.4 % in one direction, a two-wheel 
pony truck (Bissel bogie) is used to 
guide the engine at the leading end, 
whereas in the case of steam locomotives 


the proportion is only 7 %. Motor. 


bogies, not used on high-speed steam 
locomotives, are used at the leading end 
of 7.1 % of the electric locomotives. _ 
The wheel base of the four-wheeled 
carrying bogies is 1.65 m. (5 ft. 5 in.) 
on the old E50 type of the German 
State Railways, and 1.80 to 2 m. (5 ft. 
11 in. to 6 ft. 6 3/4 in.) on the newest 
locomotives; it is 2.20 m. (7 ft. 2.5/8 in.) 
on the 2 Co-Co 2 North of Spain broad- 


gauge locomotives. In the case of bogies: 


consisting of one pair of carrying and 
~ one pair of coupled wheels, the German 


State Railways use a wheel base of 2.70 
m. (8 ft. 10 5/16 in.) with the Krauss- 
Helmholtz type, and the Dutch East In- 
dies State Railways [1.067 m. (3 ft. 6 in.) 
gauge,| 2 m. (6 ft. 6 3/4 in.) with the 
Buchli (Java bogie) type. The con- 
structional details of these bogies are 
given in Chapter II and of those the 
pony trucks in chapter IV. 

The reasons determining the rigid 
wheel base were briefly given in para- 
graph 1 above (steam locomotives). It 
is consequently not surprising that the 
German State Railways should have 
made the rigid wheel base of the 1 Dol, 
series E 165, engines with a leading pony 
truck the exceptional length of 6.10 m. 
(20 feet) when it is also realised that 
this locomotive has been built for a 


‘maximum speed of 110 km. (68.3 miles) 


per hour, and has a pony truck at both 
ends. Such long rigid wheel bases are 
not found on steam locomotives ; the 
maximum of 5.70 m. (18 ft. 8 7/16 in.) 
is that of the 4-8-0 locomotive of the 
North of Spain Railways. On the other 
hand. there are electric locomotives 
without rigid wheel base. In the saturat- 


ed steam era, the 2-4-4 locomotives of 


the former Bavarian State Railways, 
which were remarkable for their speed, 
also had no rigid wheel base. To return 
to the electric locomotives, the 1 Do1, 
E16 series, for example, of the German 
State Railways, has no rigid wheel base. 
It has at both ends Krauss-Helmholtz 
type bogies, while the two middle pairs 
of wheels have a certain amount of side 
play. To a large extent the main frame 
of the locomotive is only guided by the 
centre pins of these bogies» The con- 
ditions are like those of the 1 Do 1, E17 
series, of the German State Railways, on 
which the two middle pairs of wheels 
have also a certain amount of side play 
which has been further increased by 
thinning the flanges-of the tyres on these 
wheels. The 2D1, E50 series. and the 
2BB2, E52 series, belonging to th 


same railway, have only one pair o/. 
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wheels rigidly mounted in the frame, 
so that here again there is no rigid wheel 
base. 

The guided length of the electric loco- 
motives cannot be given accurately for 
all ihe locomotives, especially when the 
guiding pairs of wheels are separate 
pairs of carrying wheels. The Admin- 
istrations supplying information on this 
subject take the guided length as the 
distance between the carrying pairs of 
wheels and the last pair of wheels rigid- 
ly mounted in the frame, or to the centre 
pin of the trailing bogie. If the leading 
bogie is not fitted with self-centring 
gear, it can only exert any guiding action 
on the main frame when its full side 
play has been taken up. This occurs on 
sharp curves, but can also take place in 


the straight through hunting. Apart from . 


this the only forces in play are the 
relatively small frictional resistances act- 
ing in the manner of a guiding force on 
the longitudinal centre line of the 
vehicle; they do not have the same 
effect as a proper self-centring gear, 
especially as regards the inevitable trans- 
verse shocks. 
wheels cannot ordinarily be considered 
as «carrying directing wheels», In his 
note on the «Effect of masses under 


sudden changes of direction on the run- 


ning of railway vehicles » (Organ fiir die 
Fortschritte des Eisenbahnwesens, 1931, 
p. 271) Dr.-Ing. Uebelacker has clearly 
- shown the great importance of spring 


controlled self-centring gear or, in other 


words, of spring controlled guiding. The 
_ directing force is absorbed by the elastic 
_ yielding of the locomotive frame, of the 


she _ vided for the purpose. This shows how 
superior the four-wheeled bogie fitted 
with the modern design of cen:ring gear 


is to the two-wheeled truck from both — 


e. the static and the dynamic points of 
view. If this has been appreciated, the 
-_ difficulties i in 2 igs? a clear and precise 


These carrying pairs of . 


should also be made to play its part in the | 


the pony trucks of which have 110 mm. — 
_ carrying springs, and lastly of the rails,” 
if no special self-centring gear is pro- pair of wheels is 3.40 m, (11 ft. 1 7/8 in.) aa e 


from the leading coupled | wheels, an rags ‘4 


at 

se _tneluding a pair of laminated springs — 
gear, the initial tensio 

~ being | 870 kgr, (1 918 
ay, 


conception of what is meant by the 
guided length will be recognised, when 
it is a question of the guiding being 
obtained with the help of a pony truck 
which, if it is to direct naturally, needs F 
suitable guiding springs. If in addition ; 
this pony truck is followed by a number 
of pairs of coupled wheels with side 
play and possibly thin flanges, it be- 
comes necessary to decide in each case 
how by the law of equilibrium between 
the centring force and the frictional 
resistances the statical inscription of the 
vehicle actually takes place. These dif- 
ficulties have made impossible any 
numerical comparison on the subject of 


-the « guided length » of electric loco- 


motives like that given above for the 
steam locomotives. . 
We have already explained that the : 
question of the guided length is closely 7 
connected with that of knowing if the © 
first pair of wheels rigidly mounted in 
the frame should or should not take part 
in guiding the locomotive. The German ~e 
State Railways alone answered this $ 
question: their reply being as follows: 
The guiding must always be controlled by 3 
the centre pin of the leading four-wheeled _ 
bogie alone. In the case of a pony truck, 
the first pair of driving coupled wheels 


guiding of the engine, provided it is not more — 
than 2.8 to 3m. (9 fi. 2 15/64.in. to 9 ft. - 
10 1/8 in.) from the carrying pair. _ ico 
On the electric locomotives of the Ger- 
man State Railways the Poets is as 
follows: rin 
On the 1 Do 1, series E 165 locomotives, 


(4 11/32 inches) side play, the leading 


the rigid wheel base is 6 ap m, 2h beset 


purpose, it has been fitted 


Tb.) and 


2259 
I11—207 


truck of which has 80 mm. (3 5/32 
inches) side play, the carrying pairs of 
wheels are 2.30 m. (7 ft. 6°9/16 in.), 
from the leading driving and the rigid 
wheel base is 3.40 m. (11 ft. 1 7/8 in.) 
the first pair of driving wheels should 
also play its part in the guiding. The 
tension of the centring gear is from 1755 
to 2590 kgr. (3869 lb. to 5709 lb.). The 
2Do1, E21% series, locomotives have 
been built in two classes E21" and 
E21, The E 21% has-a pony truck 
the wheels of which are 2.05 m. (6 ft. 
8 45/64 in.) from the first rigid pair of 
wheels. The two middle pairs of wheels 
have a certain amount of side play as 
well as thin flanges; the 4th pair of 
wheels has 5 mm. (13/64 inch) side 
play. This pair can also be considered 
as being rigid as the play does not 
exceed the allowable amount of wear 
of the axle collars. This locomotive has 
therefore a rigid wheel base of 6.60 m. 
(21 ft. 8 5/32 in.). The second type, the 
E 21 has a Krauss-Helmholtz bogie with 
a 2.65 m. (8 ft. 8 23/64 in.) wheel base. 
The two middle pairs of driving wheels 
have thin tyres and can move trans- 
versely. The 4th pair of driving wheels 
is rigid and is in fact the only rigid 
pair, so that here again the rigid wheel 
base may be considered as nil; the guid- 
ing is, however, assured not by a bogie 
and a pony truck, but by two four- 
wheeled bogies. The 2D1, E50 series, 
locomotive has one rigid pair of wheels; 
all the other pairs of driving wheels can 
move transversely. The guiding is assur- 
ed in one direction of running by the 
“pony truck. The maximum speed of this 
locomotive is only 90 km. (56 miles) per 
hour, however. The electric locomotives 
of the German State Railways for maxi- 
mum speeds of 110 km. (68.3 miles) an 


hour are only designed so that there is _ 


no rigid wheel base when they are guid- 
ed by four-wheeled directing bogies and 
- not by pony trucks. 

As with steam locomotives, the ques- 
tion of the side play of individual pairs 


of wheels and of bogies on a curve of 
300 m. (15 chains) radius with 32 mm. 
({ 17/64 inches) play between the 
flanges and the rails on the German State 
Railways 1 in 6.6 [r 19 Ol ran O male 
chains) | turnout, has been investigated. 
The locomotives considered had at least 
Six pairs of wheels. 


The result of this investigation is brief- 
ly as follows: 

The most important position on the 
turnouts is that in which the first pair of 
coupled wheels coming on to the cross- 
ing is in line with the intersection of the 
curve of the turnout and of the straight 
line. With approximately the normal 
guiding action, not a single pair of 
wheels of any of these locomotives takes 
part in the guiding. On the other hand 
under what is called dynamic inscrip- 
tion, i.e. under the influence of the 
centrifugal force all the driving wheels 
may come into contact with the outer 
line of rails except only in the case 
of “the; Do=t, Ty lopseriess es, rome tine 
reasons given at the end of paragraph 
J-1, it would be of little use to go into 
further details here. 

To sum up, the following may be said 
as regards J-1 and [-2: 


The whole of the running gear of the 
steam locomotives, the tenders and the 
electric locomotives as well as the coupl- 
ing together of the different parts of 
the vehicle should be so arranged thai 
turnouts and curves can be run through 
without restriction. 

In agreement with most of the Admi- 
nistrations we recommend that the widest 
possible use be made of four-wheeled 
bogies for guiding, that the longitudinal 
centre line of the vehicles should be 
controlled by the leading bogie centre 
alone, and that the guided length be the 
greatest possible, When single pairs of 
carrying wheels are used for guiding, 
the use of relatively strong self-centring 
gear is presupposed. The running gear 
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of electric locomotives and steam tank 
engines should be designed so that they 
run equally well in both directions and 
these locomotives should have a suffici- 
ently long rigid wheel base for it to come 
into play when the guiding by an indi- 
vidual pair of wheels is not altogether 
satisfactory. 


The electric locomotives of the Ger- 
man State Railways fitted with guiding 
pony trucks and in which the pairs of 
wheels in the main frame only take part 
in the guiding in the event of consider- 
able lateral movements, run quite satis- 
factorily up to the maximum speed of 
110 km. (68.3 miles) per hour, because 
their frames (main frame or also motor 
bogies) have a sufficiently long rigid 
wheel base relatively to the distance of 
the carrying pair of whels. Through 
the guiding action of the wheel flanges, 
and on the straight of the friction due 
to adhesion, this rigid wheel base forms 
the constant base from which the pony 
truck assisted by a centring gear of suf- 
ficient capacity transmits the directing 
force to the track without transverse 
shocks or oscillations. In the case of 
locomotives with motor bogies (the rigid 
wheel base of which varies from less 
than 4.00 m. to 4.50 m. (13 ft. 1 1/2 in. 
to 14 ft. 9 5/32 in.), we consider the 
bogies should be coupled together to 
prevent the free rotary oscillations of 
each bogie taken separately about the 
vertical axis of rotation, so that at high 
speeds on the straight all the pairs of 
wheels rigidly mounted on the two bogies 
would take up much the same working 


position as if they were carried in one. 


continuous rigid frame. 


All the electric locomotives for fast 
trains with the wheels carried in the 
frame with transverse play relatively to 
the track have been built by the German 
State Railways with four-wheeled guid- 
ing bogies and have given good results, 
as regards running at speeds up to 110 
km, (68.3 miles) Ber hour. 


3. — Carriages. 


As regards carriages for high speeds, 
bogie carriages especially and some four- 
wheeled carriages have been reported. 
With very few exceptions we shall only 
consider modern stock in this report. A 
few old types built in some instances 
29 years ago are dealt with for the sake 
of comparison, or because the owning 
company has not mentioned any newer 
vehicles. In all 50 types of carriages 
will be considered, namely 45 bogie 
carriages including 5 electric rail motor 
coaches (cf. Table 1); 4 four-wheeled 
carriages (1 Swedish State, 2 Bergslagen 
Railway, 1 North of Spain Railways) and 
one articulated unit composed of 4 
bodies on 3 Jakobs bogies and two radial > 
pairs of wheels (Swedish State). 

In this question with which we are 
dealing, the running gear and the method 
of support are again important. We will 
begin by considering bogie carriages. 

The reason why bogie carriages are 
used in so great majority is well known. 
We can only build long vehicles without 
excessive overhang, and without too 
great a striking angle, and in conjunction 
with multiple springing get really smooth 
running if we use bogie carriages. When 
multiple suspension is used, the bogie 
can absorb the greater part of the ver- 
tical and horizontal shocks, and hunting 
movements, and the body is thereby isol- 
ated from the effects thereof. 

All the bogies are fitted with bolsters 
carrying the bodies of the vehicles. — 
Bogies. without bolsters, in which the 


body is carried directly on the bogie 4 


frame, were long ago recognised as un- 
suitable for carriages for express trains 
(cf. among other articles the Organ 1912, 


14th supplementary volume, p. 151), and J 3 
are now rarely used under vehicles of © 


this kind. The bolsters are carried either — 


on transverse springs — today this is © 
practically the only arrangement in. use. “ae 


-— or on longitudinal springs. 


~ The bogies are fitted with © cithel = 
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double or triple springing or suspension; 
the frames are built up of steel pressings, 
rolled sections, or cast steel, 

Table 1 below gives particulars of the 
types of bogie carriages of the different 
railways, classified according to these 
different features, 

With the assistance of this table, we 
will rapidly examine the different me- 
thods of construction. 

None of the bogies fitted with triple 
suspension, with bolster springs arrang- 
ed transversely, is fitted with longitu- 
dinal equalising levers, so that the bogies 
are supported each in two transverse 
planes on four points. 

Consequently the bogies wiih triple 
suspension with bolster springs arrang- 
ed transversely are like one another from 
the point of view of the method of 
suspension and of the method of carry- 
ing the load (bearings). 

The weight of the body is carried 
through a bolster centre and two side 
friction blocks, by the body bolster. This 
bolster is carried in the well-known way, 
though double laminated springs arrang- 
ed transversely, by the bottom bolster 


which in its turn is supported by means 
of 4 inclined links from the cross bearers 
of the bogie frame. Bolsters with ver- 
tical links are not used on these bogies. 
The bogie frame is carried by four lamin- 
ated springs resting on the axle boxes, 
the spring hangers being fitted with 
auxiliary helical or volute springs. Most 
of the administrations have adopted 
pressed steel for the bogie sole bars 
(14 types of bogies); some railways 
prefer bogie frames built up of rolled 
sections (5 types). 

For some years the bogies with triple 
suspension of some railways have had 
the bearing springs arranged longitudin- 
ally. This method of construction makes 
it possible to use longer bolster springs 
with a particularly large deflection 
and makes them more accessible (for 
setting up to original height, brake block- 
ing in service). As regards the method 
of support, the same arrangement is used 
as in the cases examined previously. The 
German State Railways have designed 
bogies of this type for passenger carri- 
ages, based on the types II and III 
Gorlitz bogies, the heavy type II Gorlitz 
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TABLE 1. 


Among the 45 bogie carriages, including 5 motor coaches, there are: 


WAEy bra a ne cme 5 6 
Bolster springs arranged transversely With longitudinal 7 
and frames of : bolster springs — 
Units. With Fh} and frame of steel 
Steel Rolled Cast rolled sections. 
pressings. sections. steel. 
26° —~|... Triple 3 DR (Pr, Wii,| 5 DR (Bav, 3 DR (Gérlitz de- | 
suspension . Sa). ~~ Bad). sign). 
| 1 DR (6-wheel- 1S (Gérlitz design). 
ed). 
4 Fin. 5 NI. 
1 Nor. * 
iiss 
: 3 MZA. 
| 1 SpN. 
| 5 
16 ‘Double | 5 DR (Pr, Wii, 3-NS (Equali- 
| ge suspension. Sa). sers under 


LDR (Gop heck seen ce ae 


ed). 


2 NS. _| 2-Dan, 
1 BJG (Equa- 
lisers above 


axle boxes). | 


mahcak : 


S, os 7 
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Fig. 5, — Carriage bogie of the 
Dutch Indies State Railways. 


Fig. 4. — Carriage bogie of the 
Commonwealth type, North 
of Spain Railways. 


with 3.60 m. (11 ft. 9 3/4 in.) wheel base 
being used under coaches for express 
trains, and the light type HI Gorlitz with 
3 m. (9 ft. 10 1/8 in.) wheel base under 
coaches for ordinary and_ stopping 
trains. In both cases the frame is built 
up of rolled sections and three sets of 
springs are used. 

In the case of the heavy type II Gér- 
litz bogie (fig. 1), the load on the body 
bolster is transmitted by two swing links 
free to move transversely to a bolster 
and therefrom to two longitudinal bol- 
ster springs arranged side by side. The 


ends of these longitudinal springs are 
shackled to the bogie frame. 

The light type II Goérlitz bogie (fig. 2) 
is not fitted with special swing links; 
in place of these the longitudinal springs 
of the bolsters are carried by shackles 
so as to be able to move transversely an 
amount equal to the transverse play of 
the bolster. The bolster in this case is 
supported directly by the buckles of the 
bolster springs. 

The Dutch East Indies State Railways 
also use carriage bogies with the bolster 
springs arranged longitudinally (fig. 3). 


Pa = — 


Fig. 5. — Carriage bogie, 
Netherlands Railways. 
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bars are straight for their full length 
and are placed either above or below 
the axle boxes. 

The advantage of the American bo- 
gies is that the vertical shocks can 
be damped out more completely thanks 
to the very flexible helical springs solely 
by internal friction. The equalising of 
the loads on the wheels on each side is 
another advantage of these bogies which 
is appreciated when running over slight 
differences in level of the track and 
defective surfaces (cf. Chapter III). 


But as regards these advantages the 
construction generally adopted until 
recently had also some drawbacks. We 
mean the small wheel bases 2.15 m. 
(7 ft. 5/8 in.) to at the most 2.50 m. 
(8 ft. 2 7/16 in.), and the small bearing 
of the four helical springs, very close 
together longitudinally, for carrying the 
body and the bogie frame. This in fact 
is a consequence of the height of the 
equalisers, thanks to the turned up ends. 
Bogies with small wheel bases are neces- 
sarily less stable than those with long 
wheel bases. Furthermore the narrow 
wheel base facilitates end tilting of the 
frame, especially when starting and dur- 
ing heavy braking. Thus the ratio of the 
base of support to the wheel base for the 
old bogies of the German State Railways, 
is as 920: 2150=1: 2.34; for the cast steel 
bogie of the North of Spain Railways 
as 1250: 2500 = 1: 2; for the drop equal- 
iser type of bogie of the Netherlands 
Railways, with the ends dropped _parti- 
cularly sharply as 1 600 : 2500 =1: 1.56. 


Among the 16 types of bogie with 
“double suspension, 8 have pressed steel 


frames, and 6 frames of rolled sections, 


one administration — the North of Spain 
Railways — uses bogies of cast steel as 
shown in figure 4. The frame is a single 
casting in steel, with numerous lighten- 
ing holes to reduce the weight. The 
longitudinal and tranverse girders are 
_ rectangular box girders, closed on all 
sides. The Madrid-Saragossa-Alicante 


Railways have also carried out tests with 
bogies of this kind. 

The drawbacks of the small wheel base 
gre avoided in the new bogies of the 
Netherlands Railways. The equalising 
lever is straight for its full length and 
attached under the axle boxes, so that 
it stresses them in tension. With these 
bogies it has been possible to get a wheel 
base of 3m. (9 ft. 10 1/8 in.). The helical 
springs can under these conditions be 
brought further out. The base of sup- 
port is 1.70 m. (5 ft. 7 in.) (1700: 3000 = 
1:1.76). For the rest, this bogie re- 
presents much progress well worthy of 
attention. The sole is formed of two U 
bars welded together at their open faces 
to form a closed box girder. Figure 5 
shows this bogie. 

In the same way in the case of the 
Bergslagen Railway Co’s bogie shown 
in figure 6, the equaliser is straight, but 
in this case it is placed above the axle 
boxes. It is 145 mm. (5 45/64 in.) deep 
and can move in the U bars, 240 mm. 
(9 7/16 in.) high, of the longitudinal 
beam. This arrangement results in cer- 
tain drawbacks such as the reduced play 
of the springs and-the many openings 


required in the longitudinal girder. The 


base of support has become very large, 
with 1.77 m. (2 ft. 6 5/16 in.) for 2.40 m. 
(7 ft. 10 5/32 in.) wheel base. The ratio 
of the two dimensions which is 1: 1.36 
represents the best value of all the bogies 
with longitudinal equalisers with which 
we are dealing. 

All double suspension bogies have ‘bol- 
sters with the springs arranged trans- 
versely. Besides inclined swing links, we 
also find on some of these bogies vertical 


links, for example on the drop equaliser 


bogies of the German State and the Dan- 
ish State Railways. 
Six-wheeled bogies are unusual. With 


the six-wheeled bogies of the German 


State Railways, fitted with equalisers, the 
body of the carriage is supported on a 
girder carried on the two bolsters. The 
links transmit the load to the frame 
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which passes it on to the axle boxes 
through the four helical springs and the 
drop equalisers. 

The supports of the bolsters with 
transverse springs are generally of wood 
in the old carriages, to reduce noise; 
they are fitted with flat bars or rolled 
sections. In the most recent types of 
bogies the bolster supports are made of 
rolled sections (German State Railways), 
of pressed steel (Finland, Sweden), of 
cast steel (North of Spain Railways), or 
welded (Netherlands Railways). The 
play of the bolster in the longitudinal 
direction of the vehicle is limited with- 
in the necessary limits by rubbing plates 
and can readily be restored to the ori- 
ginal amount after wear by renewing 
these plates. 

On all triple suspension bogies, with 
the bolster springs arranged transverse- 
ly, the swing links are inclined in vary- 
ing degrees; thus for example, the links 
on the standard bogies of the old Prus- 
sian-Hessian State Railways with a 
length of 280 mm, (11 1/32 inches) have 
an inclination of 11°30’; those of the 
alternating current rail motor coach of 
the German State Railways, only 170mm. 
(6 11/16 inches) long, have an inclina- 
tion of 10°10’; and the links of the old 


bogies of the Swedish State Railways. 


665 mm. (2 ft. 2 3/16 in.) long, have 
only 2°45’ inclination. The links are 
usually 250 .to 350 mm. (9 27/32 to 
13 3/4-inches) long. Unusually long 
links are in use on the carriages of the 
Northern States, Finnish State Railways 
610 mm. (2 feet) Swedish State Rail- 
ways 663 mm. (2 ft, 2 1/8 in.) and the 
Bergslagen Railways 606 mm. (1 ft. 
11 55/64 in.). 

On the bogies with double suspension 
the links are usually about 400 mm. 
(t5 3/4 inches) long. The links of the 
new Dutch bogies are 425 mm. (16 3/4 
inches) long and have an inclination of 
11° 30’, and those of the Commonwealth 
bogies of the North of Spain Railways 


only 275 mm. (10 53/64 in.) in length, 
have an inclination of 12° 40’. 

Vertical links sometimes known as pa- 

rallel links (German State Railways, 

Danish State Railways) have been used 
on this type of bogie. 

As will be shown in Chapter IV, great- 
er centring forces can be obtained with 
inclined links than with parallel links 
of the same length. 

The more the links are inclined and 
the shorter they are, the greater their 
centring power. In order to obtain with 
parallel links a sufficiently high centring 
force, their length must be very short 
[German State Railways 215 mm. (7 5/8 
inches); Danish State Railways, 248 
min, (9 3/4 inches) |]. The German State 
Railways report that the short parallel 
links have given better results on the 
American bogies than the inclined links. 

The self-centring forces, from the in- 
formation we have received, are gen- 
erally small and vary between the limits 
of 300 to 1000 kgr. (660 to 2200 Ib.); 
only in isolated cases does the final value 
increase to 2 300 kgr. (5 060 Ib.) and this 
on bogies with bolsters having consider- 
able transverse movement. 

Nearly all the Administrations allow 
the bolsters to swing freely in the trans- 
verse direction, because experience ac- | 
quired on their lines has shown that any ~ 
restriction on the freedom of the body 
to oscillate, for example by fitting the 
bolsters with special buffers, detracts 
from the proper behaviour of the bogie 
and only results in hunting movements. 
of the bogie being transmitted to the — 
body. Only three Administrations (the 

-former Bavarian and Saxon State Rail- — 

ways, and the Danish State Railways) 
use special bolster buffers with helical _ 
springs with some initial tension, which xe 
are fitted to both sides and act on the 
ends of the bolsters. The transverse mo- 
vement of the bolsters is only 13 mm, — 
(33/64 inch) on each side of the centre 
on the coaches of the former Bavari 
eee Railways; on mabet bogies. a 
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25 mm. (63/64 inch): German State Rys, 
Netherlands Rys, Dutch Indies State; it 
is as much as 30 mm. (1 3/16 inches) 
on the Finnish carriages and 40 to 
30 mm. (1 37/64 to 1 31/32 inches) on 
the Spanish carriages. The solution of 
the question under consideration should 
obviously take into account the length 
restrictions. If the loading gauge is 
fouled by the side movement of the 
bolsters, this movement must be restrict- 
ed. 

The body of the vehicle is carried by 
the bogie on a centre bearing block 
(centre). These centres are of three dif- 
ferent designs; the spherical bearing, 
the stepped bearing, and the flat disc 


bearing. From the purely static point 
of view (cf. Chap. III), single point 


support is the correct method as trans- 
verse inclinations of the body do not 
cause any alteration in the wheel load- 
ing. Another advantage of this arran- 
gement is that it prevents skew at the 
bearing and consequently twisting of the 
body. The bearing on a spherical cen- 
tre is equal to a single point support; but 
to facilitate lubrication and to get a 


lower surface pressure per square centi-_ 


metre, it is generally made as a spherical 
annular support. These annular’ sup- 
ports or bearings are found on 23 of the 
45 types of bogies, namely on the carria- 
ges of the German State Railways, Fin- 
nish, Norwegian, Swedish and Dutch 
East Indies State Railways, as well as 
on the North of Spain and the Madrid- 
Saragossa-Alicante Railways. ‘The radii 
of the spheres according to the inform- 
ation supplied or collected from other 
‘sources are 160 to 600 mm. (6 5/16 to 
23-5/8in.) 

Except on some old types and rail mo- 
tor coaches, the German State Railways 
no longer use the spherical bearing except 
in the case of coaches in the train ferry 
workings between Denmark and Swe- 
den, a service in which changes of gra- 
dient on the bridges leading on to the 
ferry boats particulary stress the centre. 


XII—2 


All the other coaches of the German 
State Railways as well as of the the 
Netherlands Railways have stepped cen- 
tres which give a more stable bearing 
and, thanks to the large surfaces in con- 
tact, damp out more quickly the hunting 
movements of the bogie. 


The bogies of the Bergslagen Railway 
Co. (Sweden) are the only ones with 
single step discs of a special type. The 
load is carried on an annular surface. 
The same disc serves to centre the upper 
and lower bearings. The concentric 
flanges of the disc on the two sides only 
appear to act as reservoirs for holding 
the grease. 


As far as the information supplied 
makes it possible to judge, the body is 
solely carried on the centres on nearly 
all carriages. 


Side friction blocks or auxiliary bear- 
ings are in use on all carriages, but these 
fittings only act as bearings in the event 
of lateral oscillations of the body or 
transverse inclinations of the bogie in 
the direction of the side bearings equal- 
ling the play of 0.5 mm. to 1.5 mm. 
(5/256 to-4/16 inch.), which exists in 
the central position. If the play were 
smaller or even nil, hunting movements 
would be very effectively wiped out, but 
the ability of the bogie to run over the 
track with the minimum of guiding ac- 
tion would be lessened. The inevitable 
consequence would be _ considerable 
wear of the sides of the rails and the 
safety of running would suffer. In on the 
other hand the play is too great, the body 
causes unpleasant blows on the bogies. 
Endeavours are frequently made to cure 
this defect which is always caused by 
too little or too great play at the side 
friction blocks. With this object the 
coaches of the Danish State Railways are 
fitted, so far as can be seen from the 
design, with roller side bearings, and 
those of the Bergslagen Railway with 
conical roller bearings, i. e. with bear- 
ings in which the frictional resistance 
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is notably less than that of the plain 
bearings. These bearings have no ver- 
tical play, they are taken as constantly 
carrying the load in common with the 
centre. Now the distribution of the 
weight on three non-elastic supports is 
known to be statically indeterminate. It 
may happen that the load is distributed 
unilaterally (on defective sections of the 
track and on transitions; cf. Chap. III). 
The same thing naturally can also occur 
with slotted bearings. 

In accordance with § 86 of the Ger- 
man Railway Association’s recommended 
practice (1), the bogies must be able to 
turn sufficiently for the bogie vehicles to 
run without difficulty through curves of 
150° ms -(7 21/2 chains)aaradigsesb ts 
recommended that the bogies on passen- 
ger bogie carriages should be so arrang- 
ed that the vehicle can run through 
curves of 100 m. (5 chains) radius. 

The angle a bogie describes when run- 
ning through a given curve depends 
upon the radius of the curve, upon 
the distance between the bogie centres, 
upon the bogie wheel base and upon 
the play between the wheels and the 
track. The angles of rotation of the bo- 
gies as a rule are only limited by the 
safety chains. Several Administrations 
such as for example the Dutch East In- 
dies State Railways and the Bergslagen 
Railway do not limit the angle of ro- 
tation in any way. Some Administra- 
tions have not given any information 
upon this subject. 


The wheel base of double suspension : 


drop equaliser bar type bogies, of the 
pattern in general use up at present, is 
2.15 m. (7 ft. 5/8 in.) (German State 
Railways) to 2.50 m. (8 ft. 2 7/16 in.) 
(Netherlands, Madrid-Saragossa-Alicante, 
North of Spain), while that of the new 
bogies of the Netherlands Railways is 
3m. (9 ft. 10 1/8 in.). The normal type 


of bogies with triple suspension have a 


wheel base of 2.20 m. (7 ft. 2 5/8 in.). 


(1) Technische Vereinbarungen. | 


(Finland, Dutch East Indies) to 3.50 m- 
(11 ft. 5 25/32 in.) (former Bavarian 
State Railways), but the most usual 
value is = 2.50 m. (8 ft. 2 7/16 in.). 

The six-wheeled bogies of the Ger- 
man State Railways have a wheel base 
of 3.60 m. (11 ft. 9 3/4 in.); the four- 
wheeled heavy type II Gorlitz bogies 
have also a 3.60-m. wheel base, and con- 
sequently the longest wheel base of all 
four-wheeled bogies mentioned in the 
replies. 

The distance between bogie centres 
varies between the limits of 9.20 m. 
(30 ft. 2 7/32 in.) [Dutch East Indies, 
1.067 m. (3 ft. 6 in.) gauge and 16.18 m. 
(53 ft. 1 in.) (the coaches of the Rhein- 
gold express of the German State Rail- 
ways) |}. The most usual dimension are 
12-toe15 m.—(39 ft. 421/2.in— 10 49 ft 
Dred / Qaiey 

The overhang and the width of the 
coaches have values which depend upon 
the width allowed by the loading gauge 
and the distance between centre pins. 
All carriage builders know how these 
dimensions are arrived at. An excessive 
overhang adversely affects the stability 
of all coaches, especially at high speeds. 
With few exceptions (for example the 
former Bavarian State Railways) the re- 
latively small wheel bases of 2.15 m. to 
2.50 m. (7 ft. 5/8 in. to 8 ft. 2 7/16 in.) 
have therefore been selected for the bo- 
gies of passenger carriages because in 
this way the overhang can be kept small. 

The information we have obtained 
shows, however, that considerable im- 
portance is now being attached to the 
wheel base, not to the overhang, with- 
out however underestimating the effect 
of excessive overhang. 

In the remarks with which we began 
this paragraph No. 3 we pointed out that. 
bogie vehicles are considered as the most 
suitable type for high speeds. We 
thought that it was necessary first of 
all to give a description with our com- 
ments, limiting ourselves in the spirit of 
the task we have undertaken, to tech- 
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nical questions relating to the running. 
Out of the 10 Administrations who re- 
plied to the questionnaire, 6 declared 
that they use bogie carriages exclusively 
for trains the speed of which reaches or 
exceeds 80 km. (50 miles) per hour. 
These railways are : The German State 
Railways, Finnish State, Norvegian 
State, Danish State, Dutch East Indies, 
and Madrid-Saragossa-Alicante. The 
Netherlands Railways use bogie stock 
exclusively for trains running at a speed 
of 90 km. (56 miles) an hour and over. 

The North of Spain Railways permit 
as a special measure four-wheeled vehi- 
cles to be added as strengthening vehi- 
cles to bogie carriages in express trains. 
The Swedish State Railivays and the 
Swedish Bergslagen Railway alone use 
four-wheeled vehicles with radial axles 
on express trains regularly.. The Swiss 
Federal Railways advised us subsequent- 


ly to the tables being compiled, that they . 


also allow four-and six-wheeled vehicles 
behind all express locomotives, provided 
such vehicles have a wheel base of at 
least 60 % of the length of the frame. In 
addition the wheel base of goods wa- 
gons must be at least 5 m. (16 ft. 5 in.), 
and that of passenger coaches, luggage 
vans and post office vans of at least 6 m. 
(19 ft. 8 1/4 in.). In addition the tare of 
the passenger coaches must be at least 
14 tons, and that of the post office vans 
and parcels vans, 16 tons. 

The four-wheeled vehicles of the two 
Swedish Administrations are vehicles 
with radial axles with 7.5, 8 and 9 m. 
@4 ft. 7 9/32 in., 26° ft. 3 in. and 29 ft. 
6 2/8 in.) wheel base, the play of the 
radial axles in the longitudinal line of 
the vehicle is 2.5 x a millimetres, a 
being the wheel base. The rigid wheel 
base of four-wheeled vehicles of the 
North of Spain is 7m. (22 ft. 11 5/8 in.). 
The Swiss Federal Railways use radial 
four and six-wheeled vehicles with vary- 
ing wheel bases up to 9.20 m. (30 ft. 9 3/4 
in.); the radial axles have a side play of 
5 mm. (13/64 inch) and a longitudinal 


play of 25 mm. (63/64 inch) about the 
centre. The owing Administration re- 
ports that these vehicles can run through 
curves of 90 m. (4 1/2 chains) radius. 
The middle pair of wheels of the six- 
wheeled vehicles is carried in a frame 
which is free to move and allows 70 mm. 
(2 3/4 inches) side play on each side of 
the centre. 

The train unit of the Swedish State 
Railways consisting of 4 bodies carried 
on 3 Jakobs bogies of the Gorlitz type 
and on 2 radial axles at the two ends is 
an up-to-date solution of the problem 
of reducing the tare weight per seat to a 
minimum. The ends of the two adja- 
cent bodies are carried on hemispherical 
couplings on the same bogie. 

The guiding pairs of wheels, i. e. the 
pairs of wheels which decide the posi- 
tion of the coach or of the bogies and 
which guide the vehicle on the straight 
and on curves are the extreme outer pairs 
of wheels on all the bogies and on all 
the rigid wheel vehicles. With the ex- 
ception of the few carriages with radial 
wheels and axles they are always_-mount- 
ed rigidly. We have already said every- 


_thing necessary about the distance of the 


guiding pairs of wheels when speaking 
earlier about bogies and rigid wheel 
base vehicles. It must be mentioned 
here that the side play of the rigid 
wheels is generally less than 5 mm. 
(13/64 inch), according to the informa- 
tion supplied. The German State Rail- 
ways, for example, prescribe a side play 
of + 0.6 mm. (5/256 in.) on the axle 
box brass and + 1 mm. (5/128 inch) in 
the axle box guide. The Finnish State 
Railways specify a side play on both 
sides of the centre line of 2.5 mm. 
(13/128 inch) on the brass and 1 mm. 
(5/128 inch) in the axle box guide. 

The axle load is 6.75 t. (6.64 Engl. 
tons) in the case of the Dutch East In- 
dies State Railways [1.067 m. (3 ft. 6 in.) 
gauge]; it varies from 9 to 12 t, (8.85 to 
11.8 Engl. tons) for most of the standard 
gauge bogie carriages and rigid-wheeled 


vehicles; the most heavily loaded pairs 


of wheels are those of the German 
« Rheingold » coaches with 13.97 t. 


(13.75 Engl. tons). In the case of rail 
motor cars axle loads are found of 12 t. 
(11.8 Engl. tons) (Dutch East Indies), 
to 18.4 t. (18.1 Engl. tons) (the altern- 
ating current rail motor coach of the 
German State Railways). 

The smallest wheel diameter on high- 
speed vehicles is 764 mm, (2 ft. 6 5/64 
in.) on the Dutch East Indies Railways 
[1.067 m. (3 ft. 6 in.) gauge]. Then 
comes, for standard gauge, Sweden with 
800 mm. (2 ft. 7 1/2 in.) in the case of 
vehicles with radial axles, Norway with 
910 mm. (2 ft. 11 7/8 in.), Denmark and 
the Bergslagen Ry. (Sweden), with 966 
mm. (3 fi..2-inj}; sand in vthe case of 
the broad gauge, Finland with 960 mm. 
(3 ft. 1 25/32 in.). The other Adminis- 
trations, including the Spanish Railways, 


use wheels 1 m. (3 ft. 3 3/8 in.) in dia- . 


meter on the tread. 
An important means of damping out 


excessive oscillations of the coaches, and ~ 


consequently of improving the safety of 
running, is the close coupling of the 
vehicles. All the Administrations, with 
the exception of the Dutch East Indies 
State Railways which have automatic 
couplings use screw couplings, with right 
and left hand threads for coupling the 
vehicles together tightly. Special devi- 
ces designed to tighten the coaches to- 
gether more closely after the couplings 
have been screwed by hand are not used 
by any Administration. When tighten- 
ing up the coupling, a lever is used, the 
length of which from the axis of the 
screw to the extreme endis, for example, 
230 mm. (9 1/16 inches) on the Norwe- 
gian State Railways, 275 mm. (10 53/64 
inches) on the German State Railways, 
470 mm. (18 1/2 inches) on the North 
of Spain Railways; on some railways 
also this lever has a heavy ball weight 
at its end (Madrid-Saragossa-Alicante 
Railways and North of Spain Railways). 
Krom the information supplied the buf- 


fers are generally fitted with compensa- 
ling gear so that the pressure on both 
the buffers is equal even on curves, and 
additional guiding pressure due to the 
pressure of the buffers is avoided. The 
buffer pressure experienced in normal 
working from the information given in 
the replies amounts to between 300 and 
2700 ker. (660 and 5 950 Ib.); it depends 
upon the length of the levers of the 
screw couplings, the pitch of the thread, 
and the effort exerted by the shunter 
when coupling up. 

In order to damp out vibrations and 
lessen noise, some Administrations use 
rubber pads at various points. For 
example, on the German bogie coaches 
fitted with Gorlitz type bogies rubber 
has been used successfully between the 
top and bottom centre castings, as well 
as between the bolster and the side fric- 
tion blocks. As long ago as 1906, the Java 
bogie carriages were fitted with two rub- 
ber pads between the eight leaves of a 
spring; this test was not satisfactory and 
was soon abandoned. On the other 
hand, at the present time fresh tests are 
being made with a rubber pad known 
as « Resonite » under the spring buckles. 
The Netherlands Railways fit on their 
electric stock rubber pads at both ends 
of the helical springs. The rail motor 
coaches were fitted with rubber pads at 
the points of support of the laminated 
springs between the main frame and the 
top centre casting, and between the main 
frame and the top side friction blocks, 
but these have not always been particu- 
larly satisfactory, and have been repla- 
ced by felt pads. The Norwegian State, 
the Bergslagen Railway and the Danish 
State Railways use felt pads between the 
body and the frame while the North of 
Spain uses rubber body blocks. 

In the case of express train coaches, 
the different Administrations do not 


usually lay down any maximum speed. 


The carriages considered in this report 
can run at any speed allowed over the 
different lines. The maximum speed is 
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only limited in the case of the rail motor 
coaches, for reasons relating to starting. 

The whole of the details of the spring 
gear are of particular importance as re- 
gards good running and immunity from 
derailment. It may be remembered that 
all the bogies with triple suspension gear 
are not fitted with equalising gear where- 
as on the other hand all the bogies with 
double suspension gear are fitted with 
longitudinal compensating gear by means 
of equalising levers of either the drop or 
straight pattern. The four-wheeled rigid 
wheel base vehicles have generally single 
springing but the radial axled vehicles 
of the Bergslagen Railway have double 
suspension. The following details of the 
spring gear may be mentioned : 

The bogie bearing springs properly 
speaking are 900 mm. to 1.25 m. (2 ft. 
11 1/2 in. to 4 ft. 1 13/64 in.) long, 
65 mm. to 120 mm. (2 9/16 in. to 4 23/32 
in.) wide and consist of 5 to 12 plates 
10 to 16 mm. (25/64 in. to 5/8 in.) thick. 
Consequently the strength of the springs 
also varies between wide limits: there 
are stiff or hard springs with a strength 
of 111 kgr. per mm. (5 656 lb. per inch), 
and soft springs with only 30.3 kgr. per 
mm. (1696 Ib. per inch). The deflec- 
tion of these springs with the vehicles 
empty is 46 to 169 mm. (1 13/16 in. to 
6 43/64 in.). The stress on these springs 
is nearly always very high; for example 
it is 101 kgr. per mm? (64.1 Engl. tons 
per sq. inch) on the Gorlitz bogies. 

The bearing springs on carriages _car- 
ried on radial axles are particularly long 
[2.08 m. to 2.13 m. (6 ft. 9 29/32 in, to 
G6 fr. 11 7/8 in.) | and as soft as possible, 
through the use of a large number of thin 
plates. The plates are 90 to 100 mm. 
(3:17 /32 in. to 3: 15/10 in; wide, -12 to 
14 mm. (15/32 in. to 35/64 in.) thick, 
and 11 to 14 in number. From the in- 
formation supplied, the strength of these 

springs is 21.3 kgr. to 21.65 kgr. per mm. 
(1193 to 1212-lb. per inch). which 
makes it possible to get a deflection 
of 169 mm. (6 43/64 inches) on the 


Bergslagen Railway carriages when emp- 
ty, for example. 

The secondary suspension of carriages 
with triple suspension is arranged to 
come between the laminated bearing 
springs and the bogie sole bars and con- 
sists of either volute springs (on the form- 
er Bavarian and Baden State Railways) 
or coiled springs, with elliptical, circu- 
lar, rectangular, square or special section 
coils. The strength of these springs is 
03.4 to 133 kgr. per mm. (2 990 to 7 448 
lb. per inch) the deflection is 18 to 98.1 
mm. (3 45/64 to 3 7/8 inches) (this latter 
figure only applies to volute springs) and 
the stress is as high as 96 kgr. per mm2 
(60.9 Engl. tons per sq. inch.). 

The springs between the drop type’ 
equalisers and the bogie sole bars in bo- 
gies with double suspension are all coiled 
springs made of circular or square sec- 
tion bars; generally three but sometimes 
two springs of different diameter and 
strength are inserted one inside the other. 
These springs have a strength of 36.4 to 
83.4 kgr. per mm. (2 038 to 4670 Ib. per 
inch), deflect up to 126 mm. (5 inches) 
under loaded vehicles, and are stressed to, 


_for example, 65 kgr. per mm? (41.2 Engl. 


tons per sq. inch) on the German bogies 
with drop equalisers. 

The transverse bolster springs consist 
of three or four groups of full elliptical 
springs; the bolster springs of the six- 
wheeled bogies alone are arranged in two 
groups. These springs fully occupy the . 
space available; they are 762 mm. to 
1.02 m. (2 ft. 6 in. to 3 ft. 4 5/32 in.) long, 
70 to 120 mm. (2 3/4 in. to 4 23/32 in.), 
usually 90 mm. (3 17/32 in.) wide, and 
are built up of 2 x 4 to 2 X 8 plates, 7 to 
16 mm. (9/32 in. to 5/8 in.) thick. With 
a strength of 37.8 to 78.2 kgr. per mm... 
(2116 to 4379 lb.), the deflection is 47 
font 4 0=minie. (127/32 to. oe l/23ine) atin 
stress being as high as 119 kgr. per mm? 
(75.5 Engl. tons per sq. inch). 

The longitudinal bolster springs on the 
Gérlitz bogies are 2.05 m. (6 ft. 8 45/64 
in.) long on the heavy type I, 1.80 m. 
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(5 ft. 11 in. long on the light type ILI, and 
are made of 120 X 16 mm. (4 23/32 
x 5/8 in.) spring steel, and have 7 to 
9 plates. With a strength of 54 to 62.5 
kgr. per mm. (3 024 to 3 500 Ib. per inch), 
the deflection is 131.5 mm. to 152 mm. 
(5 5/32 in. to 6 in.); the stress is only 
66 to 73 kgr. per mm? (41.9 to 46.3 Engl. 
tons per sq. inch) and is therefore not 
particularly high. 

With the double or triple suspension, 
the total deflection of the springs on the 
bogie carriages when empty is 85 to 
264.5. mm.’ (3°11732"in., sto 1013/32" 1), 
and when the vehicle is fully loaded 110 
to 310 mm. (4 11/32-in. to 12 3/16 in.). 
The German vehicles are particularly 
well sprung, while the Finnish vehicles 
have a particularly hard suspension gear, 

We investigate the properties of Jamin- 
ated and coiled springs in Chapter III, 
when dealing with the springing of loco- 
motives. Investigations and measure- 
ments relating to the question as to how 
the springs behave under load whilst 
running and what are the oscillations of 
the bodies relatively to the bogie sole 
bars, and to the axles, are actually being 
carried out in the mechanical engineer- 
ing headquarters office of the German 
State Railways; they have not yet been 
completed. The Dutch East Indies State 
and the Netherlands Railways are also 
carrying out similar tests. As to the re- 
sults, it is only possible to report the two 
following facts at the moment : laminated 


springs have only given when running, | 


the deflections due to changes in the sta- 
tic load; secondly, practically no vertical 
sinusoidal vibrations of the springs have 
been observed. It is expected that simi- 
lar results will be obtained from the 
oscillograms being taken at the Higher 
Technical School of Berlin by the Ger- 
man State Railways with the assistance of 
the Heinrich Hertz Institute for the study 
of vibrations, to determine the changes 


_in the pressures of the guiding wheels of 
the vehicles while running over irregular 


surfaces of the track. On the curves, the 


_nish State Railways usually attach less 


action of the centrifugal force shows 
itself as an additional static load. 

Even the best design is no guarantee 
of the stability of the vehicle at the long 
run; constant care must be given in serv- 
ice to keep in good order and without 
excessive wear the details upon which 
the safety of running depends. For this 
reason, on the German State Railways, 
bogie carriages running in express trains 
are examined very carefully every 2 to 6 
weeks at their home station and certain 
parts checked to see that the dimensions 
specially marked down on the diagram 
sheets are not exceeded, for reasons of 
safety, either above or below the given 
limits; when doing this work no part of 
the vehicle is taken down nor is the 
vehicle lifted. These checks make it 
possible to ascertain if a spring has lost 
its elasticity or is broken and make it 
certain that the body is well supported, 
that the bogies can run through curves 
without difficulty, and that the tyres are 
in proper working condition. 

On the German State Railways, the 
bogie vehicles used on express trains are 
sent lo the shops after 100 000 km. (62 000 
miles) or every six months at the latest. 
All parts are examined, especially those 
upon which safety of running depends 
and checked to see that the wear has not 
exceeded certain specified limits. Parts 
which are much worn and damaged, are 
either made good or replaced. When 
repairs haye been completed, the limiting 
cimensions must not be exceeded: any- 
where. : : 

At each examination the body is tried 
over to make sure that it can not be twist- 
ed by the forces acting on the buffers 
and centres, that the bogies have no tend- 
ency to strike the rails on a particular 
side and that the body supports are well 
centred on the bogies and consequently 


that the bogie springs are uniformly | 


loaded. 


The other Administrations, excepting 
the Swiss Federal Railways and the Fin- 
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importance to accurate checking of the 
dimensions, to judge by the little inform- 
ation we have received on the subject. 
All that is done is to inspect the parts 
affecting the safety of running and to 
take them down if need be, to repair 
or renew them. 

The examination takes place after a 
given distance has been run or after a 
given period of service. Until recently 
on the German State Railways this ex- 
amination was made after a mileage of 


75 000 km. (46 600 miles) and at the latest 
at the end of six months. By taking care 
that the repair work was done carefully 
in the shops and that running repairs 
were carried out properly, it has recent- 
ly been found possible to increase the 
distance to 100000 km. (62.000 miles) ; 
but the period in service is still limited 
to six months. Table 2 indicates the 
time in service and the mileage between 
repairs fixed by the other administra- 
tions. 


TABLE 2. 


Distance run 


| Period in service. 


ADMINISTRATION. 


German State Railways 
Finnish State Railways 


Norwegian State Railways 


Swedish State Railways 


Bergslagen Railways 


Dutch Indies State Railways 


North of Spain Railways . 


Swiss Federal Railways 


100 000 km. (62 000 miles).} 1 year at most. 


80 000 km. (50 000 miles).]So long as the coach has not 


between two examinations of bogies. 


1 year. 


40 000 km. (25 000 miles).| 6 months as a rule. 


4, 6 or 12 months, depending 
on fatigue of carriage. 


4 months. 


run 25000 miles, the pe- 
riod may reach 3 years. 


2 years (after 1 year inter- 
mediate examination ; every 
6 months the body is 
lifted. 


6 months for carriages in in- 
ternational service, 2 years 
for four, six and eight- 
wheeled vehicles in home 
service. 


It would not be correct to conclude 
that those Administrations who prescribe 
a short period of service or a small mile- 


age between two repairs maintain their 


vehicles in better condition, The truth 
is that when vehicles rarely come into 
the shops more careful supervision and 
better maintenance in service is required. 


Summing up the different details re- 
lating to high speed coaches, details 
which we have had to give for comple- 
teness, we find the following as regards 
question III : gee 

The great majority of vehicles for high 
speeds are bogie vehicles, and in these 
the types of bogie with triple suspension 
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and body bolster springs arranged trans- 
versely are al the present time the most 
widely used, the type with longitudinal 
springs being still a new one, The Amer- 
ican bogie with double suspension con- 
tinues to be used, but at the same time 
an endeavour is being made to increase 
the small wheel base which has had to 
be used up to the present by a rational 
arrangement of the equalisers. The users 
of one or the other type agree that to 
improve the running, wheel bases of at 
least 3m. (9 f{t.10 1/8 in.) and soft springs 
must be used, 

Four and_ six-wheeled vehicles can 
only be used without hesitation for high 
speed, when they have a long wheel 
base and the wheels carry sufficiently 
high loads. From the point of view of 
stability when running, these vehicles 
are not as good as bogie coaches, and 
for this reason alone, most of the Admin- 
istrations prefer not to use them on ex- 
press trains. 


CHAPTER. II. 


Method of support of locomotives and 
tenders and position of their centre 
of gravity. 


The way the bogie springs are carried 
on the bogie and their relative strength 
as compared with the other engine 
springs, as well as the manner in which 
the main frame is supported on the 
bogie and in which it is carried itself, 
exercice during the running of bogie 
locomotives over irregular track a great 
influence on the proportional modifi- 
cations of the pressures of the guiding 
wheels of the bogie. For this reason it 
is necessary to consider very closely the 
design of the bogies and to bring out 
the distinctive features, i. e. those which, 
according to the design, affect the va- 
riations in the pressure of the directing 
wheels. We use with this object the 
« type of support characteristic » C 
which we will first of all explain. 


If the main frame is carried on the 
bogie on two side bearings, we will use 
C as an abbreviation to denote this me- 
thod; if there is a central spherical cen- 
tre it will be denoted by Cm; if the 
method of supporting the main frame is 
approximately like that of Cm the ab- 
breviation Cm’ will be used. The let- 
ter e will be added if the bogie is car- 
ried by four individual springs; l if the 
four springs are articulated in pairs by 
the longitudinal equalisers; s if the load 
is transmitted by two longitudinal equal- 
ising springs to the two pairs of wheels 
of the bogie; v if there is an equaliser 
at the leading end; h if the compensat- 
ing equaliser is placed at the trailing 
end. The characteristics Ce, Cl, Cs, Cv, 
Ch—Cme, Cml, Cms, Cmv,, Cmh—Cm’‘e, 
Cm’'l, Cm’s, Gm’v and Cm’h will also be 
used. 


First of all a description will be given 
of the methods of support used on steam 
locomotives, showing in each individual] 
case the essential points of the design 
by means of the « support character- 
istic >» and in ifalics at the end a sum- 
mary of the methods of support selected 
and the frequency with which they are 
found. 

The same procedure will then be fol- 
lowed for electric locomotives and ten- 
ders. 

Some general preliminary remarks. 
should be made. 

One alone out of the 30 locomotives. 
in question is fitted with a transverse 
equaliser and that is the 4-8-2 of the 
North of Spain Railways; the odd num- 
ber of bearing points (3 and 5) is ob- 
tained on all the other locomotives by 
the main frame being supported at the 
middle of the bogie. It should be es- 
pecially noted that in no case is a bogie 
not fitted with a transverse equaliser. 

If the main frame is carried on a flat 
bearing at the middle of the bogie, the 
main frame transfers its transverse in- 
clination to the carrying surface of the 
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TABLE 3. 


Method of supporting the 30 steam locomotives mentioned in chapter I. 


ie piesa ease S) ee lS eae Set = ae 6 


+1 


Carried 
5 Wheel i i 
a in two planes. in three planes. 
S arrange- | 
=) 


ment. on 


| points, 


h\ 2 2-8-2 1 SpN | ie o5, 1 DR 
Total 30. units 9 5 1 2 13 ‘ints 
(30 °/.,) (16.7 Jo) _ (3.3 “fs (6.7 °/o) (43.3 °/0) 


Note : For explanation of abbreviations, see table 1, p. 2262. 


bogie and consequently to the frame < bilateral >» support of the main frame. 
thereof. This method of support is As regards variation in pressure of the 
therefore equivalent to the main frame wheels on irregular surfaces of the track, 
being carried on two bearings placed to in this case it is unimportant whether 


_ the left and to the right of the longi- the side bearings rest on flat or hemi- 


tudinal axis of the vehicle, i. e. to a spherical surfaces. The only difference 
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Fig. 7. — Bogie of series 177 locomotive, German State Railways 
(former Saxon State Railways). 


Fig. 8. — Bogie of series H® locomotive, Finnish State Railways. 


is that in the case of hemispherical sur- 
faces, the bearing takes place upon what 
is called a « transverse fulcrum >, i. e. 
when seen in elevation, rotary move- 
ments of the main frame and of the bo- 
gie about a transverse knife edge are 
possible. 

If, on the other hand, the main frame 
is carried by the bogie through a spher- 
ical centre, the changes of the guiding 
wheel pressures through the irregular 

‘ surfaces of the track are not so unfa- 


vourable. This question is dealt with 
in a more detailed manner in Chap- 
RerOULL: 
The design of the parts of the run- 
a3 ning gear having to guide the leading 
Se end of the locomotive is an element of 


great importance in the question we are 
4 dealing with. By making use of table 8 
E we can consider these details in the or- 
7 der of succession of colums 8 to 7. 


a Column 3, line a). — Among the 5 lo- 
- comotives with the (4-6-0) wheel ar- 


rangement, only one has a central spher- 
ical bearing : this is an old Saxon loco- 
motive (type XII HV). The centre is 
carried on a bolster with inclined links 
(for the centring force of this bolster 
see Chapter IV), the frame of the bogie 
is carried on 4 independent laminated 
springs (see fig. 7). This method of 
support has been given the character- 
istic Cme. The four other locomotives 
are carried on a centre plate bearing; 
they are carried therefore, to be exact, 
on two flat bearings very close together, 
so that in reality these locomotives 
should be entered in column 4; we have 
mentioned them here because these two 
imaginary supports are situated at a 
short transverse distance and because 
the other conditions of the method of 
supporting the bogie, the inevitable 
drawbacks of the flat bearing, are not — 
important in this case as regards the 
classification of the method of support 
from the point of view of the statical — 
value. Actually among these four loco- _ 
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Fig. 10. — Bogie of serie 1700 locomotive, Madrid-Saragossa-Alicante Railways. 


motives, two (Finland) are fitted with 
bolsters with parallel links and with two 
longitudinal springs for the longitudinal 


drop type equaliser (see fig. 8, charac-—- 


teristics Cm/’s); one locomotive (Nether- 
lands) has helical coiled springs with a 
longitudinal equaliser between the four 
laminated bearing springs of the bogie 
(fig. 9, characteristic Cm/’/) ,and one other 
locomotive (Bergslagen Railway) has a 
bolster with parallel swing links, and so 
far as can be seen from the designs sent 
in, a longitudinal equaliser between the 
laminated bearing springs of the bogie, 
characteristic Cm’l. 


Column 3, line b). — Among the 11 lo- 
comotives of the (4-6-2) type one only 
(Swedish State) is carried on a centre 
flat bearing, on a bolster with parallel 
links fitted with roller bearings. The 
four laminated bearing springs are con- 
nected by longitudinal equalisers, char- 
acteristic Cm/’1. 


Column 3, line e). — On the 4-6-2 lo- 
comotives of the North of Spain Rail- 
ways, the main frame is carried on a 
spherical bearing on the bogie, which 
has a bolster with inclined links and 
four-point bearings. The four laminat- 
ed bearing springs each with two auxi- 
liary coiled springs are loaded indirect- 
ly; characteristic Cme. 

The 4-8-2 locomotives of the Madrid- 
Saragossa-Alicante Railways has __ its 
main frame supported on a plain centre 
bearing which rests on a bolster fitted 
with parallel links with roller bearings 
and transmits the load to two longitud- 
inal equalising springs with drop equal- 
isers, figure 10, characteristic Cmv’s. 


Column 3, line h). — The 2-8-2 loco- 
motive of the North of Spain Railways is 
supported by the three Jeading axles at 
a single point, through a_ transverse 
equaliser in front of the leading pair of 
coupled wheels, and at two points on the 
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Fig. 11. — Bogie of standard locomotive, German State Railways. 


three trailing pairs of wheels. The 
details are very like those of bogies of 
American design. The load on the lead- 
ing pony truck is carried on a bolster 
with parallel roller bearing links. Short 
cylindrical helical springs transmit the 
pressure at the bolster to the pony truck 
bearings. 


Column 4, line a). — No details of the 
bogie of the 4-6-0 Norwegian locomotive 
were received. 


Column 4, line b). — Locomotives of 
the 4-6-2 type with four-point suspension 
have not been mentioned except by the 
German State Railways. The four-wheel- 
ed bogies of the three standard locomo- 
tives included therein are derived from 
the old standard Prusso-Hessian pattern 
which, according to the German State 
Railways, gave good _ results. © These 
bogies have two longitudinal compensat- 
ing springs on drop equalisers upon 
which the main frame rests through flat 


slides on two supports 1.05 m. (3 ft. 
5 23/64 in.) centre to centre apart, .. 
figure 11, characteristic Cs. The bogie 


centre is cylindrical. It can slide freely 
up and down, without taking up any of 
the load, in the bearings, and the cast 
steel centre, with bronze linings arranged 
transversely to the longitudinal axis, 
causes it to take part in absorbing the 
running resistance of the bogie and the 
guiding effort of the centre. The guid- 
ing box is cylindrical at the middle of 
the centre for a length of 60 mm. 
(2 23/64 inches) and is tapered 1 in 15 


at both ends, i. e. at the top and at the 
bottom. In this way the bogie can take 
up the longitudinal and transverse incli- 
nation relatively to the main frame with- 
out constraint and without the cylin- 
drical centre being subjected to bending. 

The fourth of these locomotives is of 
the old Bavarian type. Its bogie is carri- 
ed on four points or < transverse knife 
edge support [two centres 960 mm. (3 ft. 
1 1/4 in.) apart laterally], with hemi- 
spheric bearing surfaces at the centres) 
and the bogie is guided in a sperical 
bearing, characteristic Ce. This loco- 
motive and the 4-6-2, series 01, of the 
German State Railways, are used in Chap- 
ter III as examples for the calculations. 


Column 5, line c). — The 4-6-4, series 
6100 tank engine of the Netherland Rail- 
ways, is supported, as all the following 
locomotives, in three transverse planes. 
The two bogies carry the main frame 
on centre bearings; the frame is there- 
fore supported on four points (lozenge). 
No information has been given on the 
subject of the spring gear and the equal- 
isers. 


Column 6, line b). — The bogie of this 
old Saxon 4-6-2 locomotive is the same 


type as that of the old Saxon 4-6-0 type_ 


already described, column 38, line a), 
characteristic Cme, 


Column 6, line d). — The method of 
construction of the bogie of the 4-6-0, 
series 4300, locomotive of the North of 
Spain Railways corresponds to the cha- 


racteristic Cm’s. The central flat bear- 


ing has the exceptionally large diameter 
of 620 mm. (2 ft. 3/8 in.), 


Golumneay,.Uunesa p= Lhe two 4=6-0 
German locomotives are of the former 
Prusso-Hessian type; their bogies corres- 
pond to the type described in column 
4 b). Characteristic Cs. 

The 4-6-0 locomotive of the North of 
Spain Railways has a bogie of the charac- 
teristic Ce. 


Column 7, line b). — The two 4-6-2 
locomotives are locomotives of the old 
Baden and —Wurtemberg types; their 
design corresponds to the characteris- 
tie: Ce: 

The two 4-6-2 locomotives of the Dutch 
East Indies State Railways [1.067 m. 
(3 ft. 6 in.) gauge] have bogies with the 
characteristic Ce. 

In the same way the bogie of the 4-6-2 
locomotive of the North of Spain Rail- 
ways has the characteristic Ce. 


Column 7, line c). — The 4-6-4 loco- 
motives of the Dutch East Indies State 
Railways (1.067 m. gauge) have bogies 
with the characteristic Cs, i. e. with the 
main frame supported bilaterally on 


transverse knife edges and with lon-~- 


gitudinal drop type equalisers. 


Column 7, lines d) and {)--— The 


bogies of each of the 4-8-0 and 4-8-4 loco- 
motives of the North of Spain Railways 
support the main frame on a cross knife 
edge, the slightly spherical centre of the 
bogie is guided in a cylindrical cast steel 
guide, and has four-point suspension, 
corresponding therefore to the charac- 
teristic Ce. 


Column 7, line g). — The main frame 
of this 2-8-0 locomotive of the North of 
Spain Railways is carried on the two 
sides of the pony truck. Each support 
is fitted with two rollers which run up 
inclined planes when passing through 
turn outs. ‘The case of the load support- 
ed on a single pair of wheels does not 
come within the scope of these compar- 
isons. On all the other steam locomo- 
tives mentioned, the loads on the first 
and second pairs of wheels are mutually 
interdependent. 


Column 7, line h). — This 2-8-2 loco 
motive is of the Saxon type with an ola 
type Krauss-Helmholtz bogie (fig. 12) 
The method of support corresponds tc 
the characteristic Ce. 

The above means that of 30 steam loco- 
motives mentioned in the replies, 9 
(30 %) are suspended on three points, 
6 (20 %) on four points, 2 (6.7 %) on 
five points, and 13 (43.39) on six points. 
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Hig. 12. -- Kvauss-Helmholtz bogie of series 19° locomotive, German State Railways 
(former Saxon State Railways). 
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14 locomotives are supported in two 
planes, and 16 locomotives in three 
planes. 

Among the 30 locomotives, 27 (90 %) 
have four-wheeled carrying bogies, one 
locomotive is fitted at the front end with 
the Krauss-Helmholtz bogie, and 2 loco- 
motives have a guiding truck. 

On the bogies of 28 locomotives, 10 
(35.7 %) correspond to the character- 
istic Ce, three (10.7 %) to the charac- 
teristic Cme, six (21.4 %) to the charac- 
teristic Cs, four (14.3 %), to the charac- 
teristic Cm’s and three (10.7 %) to the 
characteristic Cm’l. In the case of two 
locomotives the support characteristics 
are not known, 

None of the bogies have transverse 
equalisers at the leading end, so that the 
characteristic Cv is not found on any 
steam locomotive. 


Method of support of electric locomotives. 


Among the 14 electric locomotives for 
express trains (see table 4 below), there 
are only 9 with guiding bogies; these 
have 2 pairs of carrying wheels on 6 loco- 
motives, and one pair of carrying wheels 
and one pair of driving wheels on three 
locomotives. Among the steam locomo- 
tives mentioned in the replies, 90 % had 
guiding bogies with two pairs of carry- 
ing wheels; here only 64 % of the loco- 
motives are fitted with bogies, and 43 % 
of the locomotives mentioned have bogies 
with two pairs of carrying wheels. This 
is due to the fact that the electric loco- 


motive must be designed so as to be able’ 


to run equally well in both directions, 
whereas the steam tender locomotive is 
generally only required to comply with 
the condition that the running gear shall 
properly guide the engine for one direc- 
tion of running. 

As regards the method of supporting 
the electric locomotives, transverse equal- 
isers placed at the leading end are a 
very usual form of construction to ensure 


that the static load shall be the same on 


both the left and right wheels of the lead- 


ing directing pair of wheels. Bogies with 
carrying pairs of wheels of the 2C 2, 
2BB2 and 2Do1 locomotives (series 
E 21 and E 215) of the German State Rail- 
ways are fitted with transverse equalisers 
on their leading carrying wheels; in the 
same way the trucks of the 2 Do 1 loco- 
motives (series E 21 and E 215) and2D1 
(series E50) of the German State Rail- 
ways have transverse equalisers. Conse- 
quently on the five types of locomotives 
of the German State Railways which 


: . 
have one or two four wheeled bogies, 


four types have in both directions of 
running transverse equalisers above the 
end pairs of wheels. 

In the case of 5 locomotives the main 
frame is supported on their carrying 
bogies on a transverse knife edge (two 
lateral supports on hemispherical bear- 
ings); in the case of the 2 Co-Co 2, series 
7200, locomotives of the North of Spain 
Railways alone the frame is supported on 
the carrying bogies through a centre pin, 
i. e. on the centre of the transverse axis. 

First of all we will call attention to the 
noteworthy features of the method of 
support of these locomotives with the 
aid of table 4 below, following this time 
the order of the lines. 


Line a). — The Swedish State Rail- 
ways use longitudinal equalisers alone; 
this is the case for this 1 C1 (series D) 
locomotive with rod drive. The sus- 
pended weight is carried by the vehicle 
in two planes, and consequently on four 
points. 


Line b). — Each of the two carrying 
bogies of the 2C2 locomotives of the 
German State Railways with rod drive 
corresponds to characteristic Cv, i. e. the 
first and the last pairs of wheels of the 
locomotive have each a transverse equal-. 
iser which has the effect that the load 
transmitted to the bogie is carried on 
three points, one of which is situated at 
the centre of the carrying axle which 
leads during forward running and 
imposes equal static pressure to the left 
wheel and to the right wheel on this axle. 
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TABLE 4. 


Method of support of the 14 high-speed eleetric locomotives. 
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~ 2 planes. 
2 Wheel ae 
3S arrange- 
= ment, 


on 


t { ae ene shows) 
b 4 250-2 1 DR (E 06) 
c 4 AE Doad ASR: { DR 1 DER 
(E 16°) (E 17) (E 46) 
1 NI 
Sd 3 2 Do 1 3DR 
and (B21, EB 245 
2D1 and E 50) 
e { 1 Bo-Bo 4 { DR 
(B 18) | 
f 4 2 BB 2 ee 4 DR (E52) 
g 1 Co-Co 1 SpN 
h 1 1 Co-Co | 1 SpN 
a 4 2 Co-Co 2 1 SpN 
Total 14. units 3 6 2 4 1 1 unit 
(24.4 °/o) (42.8 °/o) (14.3 Jo) (7.47 °/o) (T.17 ©fo) (TAT Jo) 


catetdie: AML 


© 
a 
Zz 


In this locomotive, as in all other Ger- 
man electric locomotives with leading 
carrying bogies, the main frame is sup- 
ported on a transverse knife edge on each 
of the bogies. The centres are construct- 
ed like those of the bogies of the 4-6-2 
steam locomotives, table 3, column H, 
line B). The driving pairs of wheels 
form a separate group of support. The 
sprung weight is therefore supported at 
six points. 

We will explain in chapter III how this 
method of support acts on an irregular 
surface of the track. 

Line c.) — Among the four types of 
1Do1 locomotives, there are _ three 


(series E17 and E16 of the German State 
Railways and one locomotive of the 
Dutch East Indies State Railways) which 
are fitted at the ends with bogies consist- 
ing of a pair of carrying wheels and a 
pair of guiding wheels. The fourth type, 
the E 16° of the German State Railways, 
has independent truck wheels. 

In the E17 locomotives, the bogies at 
the two ends are like the Krauss-Helm- 
holtz type; they are built on the Kleinow 
system (Allgemeine Elektrizitatsgesell- 
schaft, Berlin) because the Westinghouse 
quill drive takes up all the room on the 
body of the axle and makes it necessary 
to use outside frames. Figure 13 shows 
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this bogie. The driving pair of wheels 
has 15 mm, (19/32 inch) side play in the 
boxes each way; the axle boxes them- 
selves have no side play in the main 
frame of the locomotive. Consequently 
the side movement of the main frame on 
this pair of wheels takes place under the 
action of the directing force applied at 
the bogie centre; the driving pair of 
wheels which by the friction between the 
wheel and the rail, opposes the lateral 
displacement, runs until its outer wheel 
touches the outside rail of the curve; 
during this time, the axle boxes bearings 
move more easily in the transverse direc- 
tion on the smooth and well lubricated 
crank pins than the wheel on the rail. 
For details regarding the guiding by this 
type of bogie, see Chapter IV. 

At the front end, the pony truck is 
spring supported on the carrying pair of 
wheels; at the back end it is linked to 
the main frame. -This latter is carried 
on the four driving pairs of wheels con- 
nected by longitudinal equalisers, in one 
plane, i. e. on two points; it is also sup- 
ported by the carrying pairs of wheels at 
their transverse centre, where a slide 
with hemispherical bearings absorbs the 
pressure of the centres of the main frame. 
Consequently the main frame is support- 
ed in three transverse planes on four 
points (lozenge.) | 


The 1Do1 locomotives of the Dutch 
East Indies State Railways, (1.067 m. 
[3 ft. 6 in.] gauge) with individual axle 
drive on the Buchli system, have bogies 
with a carrying and a driving axle of the 
Buchli type with 2 m. (6 ft. 6 3/4 in.) 
wheel base only, which because used for 
the first time on these locomotives, is also 
known as the Java bogie. Figure 14 
shows this method of construction. The 
carrying pair and the driving pair of 
wheels are assembled in a bogie in the 
frame of which the two axles are rigidly 
mounted. The pivot is not placed be- 
tween these two axles but outside them, 
close to the driving pair of wheels. As 
the driving pair of wheels can turn rela- 


tively to the main frame the striking 
angle of the driving wheels on curves is 
made relatively less than on the Krauss- 
Itelmholtz bogies. 

The four driving pairs of wheels are 
connected by longitudinal equalising 
gear into a single group of supports; the 
load is applied to the carrying wheels, as 
shown in the figure, at their cross centre, 
by a link, the spherical end of which 
ean slide on the carrying axle 70 mm. 
(2 3/4 inches) on each side. The main 
frame of the locomotive is therefore sup- 
ported in three transverse planes on four 
points. Pairs of laminated springs 
mounted above the middle of the carry- 
ing pair of wheels, with an initial ten- 
sion of 1300 kgr. (2 860 lb.) and a final 
tension of 2900 kgr. (6 380 lb.) maintain 
the bogies central and counteract hunt- 
ing movements. 


The 1Do01, E16 locomotives of the 
German State Railways with individual] 
axle drive on the Buchli system, are fitted 
with Krauss-Helmholtz bogies at both 
ends. Five of these locomotives had ori- 
ginally bogies of the Buchli type describ- 
ed above. The essential difference be- 
tween these two types of bogie consists 
first of all in that the driving pair of 
wheels of the Krauss-Helmholtz bogie is 
mounted in the main frame itself, where- 
as in the Java bogie it is carried together 
with the carrying pair of wheels in a 
special frame; consequently the axis of 
rotation of the Krauss-Helmholtz bogie is 
situated between the pairs of wheels and 
that of the Java bogie behind the driving 
pair of wheels. At the moment these 
locomotives were purchased, those con- 
cerned had not completely elucidated the 
question of knowing if the Buchli type 
would be more: satisfactory for these 
locomotives (cf. Elektrische Bahnen, 
March 1927, pp. 73 to 94). It was there- 
fore decided to build five locomotives 
with bogies of one type and five locomo- 
tives with bogies of the other type. 

The comparative tests and the results 
obtained in service show that from the 
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Fig. 13. — Kleinow bogie of series E17 
electric locomotive, German State Railways. 
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Fig. 14. — Java bogie of se- 
ries 300° electric locomotive, 
Dutch Indies State Railways. 
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point of view of smooth running at 
speeds of over 80 km. (50 miles) per 
hour, the locomotives fitted with the 
Krauss-Helmholtz bogies behaved better 
than those fitted with the Buchli bogies. 
The article mentioned above gives more 
ample details on this subject. The Buchli 
bogies were then altered into Krauss- 
Helmholtz bogies. The change was easily 
made, as these two types of bogies had 
been designed in view of the ultimate 
substitution of one or the other. In the 
two types of bogies the centring device 
consisted of a single laminated spring 
which acted on the centre of the Krauss- 
Helmholtz bogie, while on the Buchli 
bogie, although mounted in the same way 
in the main frame, it was only a stop on 
the spring placed in the bogie. 

Against these inferior results obtained 
with the Java bogies, it is desirable to 
mention those obtained with the 1 Dol 
locomotive mentioned above, of the Dutch 
East Indies State Railways. According 
to an article published by an engineer, 
Mr. Hug, in « Elektrische Bahnen », No- 
vember 1928, p. 341, the running qualities 
of these locomotives on the straight and 
on curves are excellent. On the straight 
{1.067 m. (3 ft. 6 in.) |] gauge the locomo- 
tives reach a speed of 105 km. (65.2 
miles) per hour. In view of the divergen- 
cy of opinion on this bogie, we are led to 
think that the details of construction 
have played a large part in the working 
of these bogies. We again deal with this 
question in Chapter IV when speaking of 
the guiding of the vehicle by the bogies. 

The carrying wheels of the 1Do1, 
series E16, locomotive of the German 
State Railways are not linked up as 
regards load with the nearest pairs of 
driving wheels; they are loaded at their 
transverse centre. The 4 pairs of driv- 
ing wheels are connected together by 
longitudinal equalisers. The sprung 
weight of the locomotive is therefore 
supported in four planes on six points. 


The 1 Do 1, series E 165, locomotive of 
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the German State Railways, driven by 
axle-hung motors has articulated pony 
trucks connected with the two neigh- 
bouring pairs of driving wheels by lon- 
gitudinal equalisers. The suspended 
weight is therefore supported in two 
planes on four points. 


Line d). — The two German 2Dol1 
locomotives, series E21 with Westing- 
house drive and series E 215 with Linke- 
Hofmann-Lauchhammer drive, have four- 
wheeled carrying bogies of characteristic 
Cv; the older German locomotive, 2 D 1, 
series E50, with rod drive, has a bogie 
with two carrying pairs of wheels of the 
characteristic Ce. Above the pony truck 
wheels of the three types is placed a 
transverse equaliser. The four pairs of 
driving wheels and the pony truck 
wheels of these three types are connected 
together by longitudinal equalisers. As 
we have noted several times, since the 
carrying bogies of the standard German 
locomotives are loaded on a transverse 
knife edge, the suspended weight of the 
locomotive is supported in two planes on 
three points. 


Line e). — The German 1 Bo-Bo 1 loco- 
motive, series E18, with axle-hung mo- 
tors has two motor bogies, each with two 
pairs of driving wheels and one pair of 
pony truck wheels which, as regards 
load, is connected with the first driving 
pair of wheels by longitudinal equalisers. 
The method of drive involves the use of 
outside frames. The body of the vehicle 


_is carried on these two motor bogies, 


connected together by a central articulat- 

ed coupling, so as to insure each motor 
bogie being loaded on a transverse plane 
at three elastic supports which rest on 

slides. The body of the vehicle is con- 
nected with each bogie by a centre pin. 

One of these centres has longitudinal 
play on the motor bogie to enable the 
locomotive to run freely on curves. 


The suspended weight is. therefore 
carried by each motor bogie in two trans- 
verse planes on four points. 
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2BB2 locomotive, series E52 with rod 
drive, correspond to the characteristic 
Cv. Figure 15 shows the method of con- 
struction. The driving pairs of wheels 
are connected in pairs by longitudinal 
equalisers. The suspended weight is 
therefore supported in four transverse 
planes on eight points. 


Lines g) and h). — On the Co-Co lo- 
comotive, series 7000, of the North of 
Spain Railways, driven by axle-hung 
motors, the body of the vehicle is sup- 
ported on each of the two motor bo- 
gies by a sort of bolster, which has 
however no lateral play. 
girders rest on each motor bogie on a 
pair of elliptical springs arranged on 
each side of the longitudinal centre line 
of the vehicle, the springs being like the 
bolster springs of carriage bogies. The 
weight of the body is consequently 
supported in two transverse planes on 
four points. Each bolster carries, like 
on bogie carriages, a centre which in 
this case is of course much larger, and 
is fitted in addition on both sides of 
the centre line of the vehicle with 
auxiliary elastic supports, principally 
intended to prevent any transverse in- 
clination of the body. 

The motor bogies themselves are each 


one supported in two transverse planes- 


on four points. The longitudinal equal- 
isers are placed between the two inner 
driving pairs of wheels of each bogie. 


These cross _ 
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Fig. 15. — Bogie of series i 52 electric locomotive, German State Railways. 
Line f{). — The bogies of the German The second locomotive mentioned in 


the reply from the North of Spain Rail- 
ways, the 1Co-Co1, series 7100, is of 
exactly the same construction as the 
series 7000 locomotive described above. 
The pairs of wheels of the leading pony 
truck are of the Adam type; a cylindri- 
cal helical spring, 561 mm. (1 ft. 
10 5/64 in.) long placed between the 
frames, acts as a centring device, i. e. 
as a method of making the truck take 
part in the guiding. On this locomo- 
tive also, the suspended weight is sup- 
ported in two planes on four points; the 
bogies are supported each on four points 
as in the preceding case. 


Line i). — The 2 Co-Co 2, series 7200 
locomotive of the North of Spain Rail- 
ways, with Buchli drive, has carrying 
bogies, the details of which deserve 
particular attention as regards question 
Iil (fig. 16). Actually in this method 
of construction as developed by the 
Winterthur Swiss Locomotive and Ma- 
chine Works, the springs of the centring 
device in addition have to counteract 
the hunting movements of the bogies. 
Special arrangements are provided to 
meet this condition. On the other hand 
this method of construction should not 
increase. to any extent the pressure of 
the flanges of the guiding wheels of 
the bogies, pressure which in the usual 
types of centring device increases di- 
rectly as the lateral movement of the 
centres. Figure 16 shows this bogie and 


Fig. 


Position : Longitudinal centre line 
of bogie under longitudinal centre 
line of locomotive. 
its details. We will return to a con- 
sideration of these latter in Chapter IV. 
By its method of support the bogie 
corresponds to the characteristic Cme. 
The three pairs of driving wheels of 
each driving bogie are connected to- 
gether by equalisers into a group sup- 
port, so that each driving bogie has 
three points of support. 
Half-way between the first and the 
second pairs of driving wheels is the 
+ centre for the whole of the motor bogie. 
The body of the locomotive here rests 
on a hemispherical carrying centre. 
Transverse oscillations are prevented by 
hemispherical side friction blocks kept 
in contact by conical springs. Body 
stops are used to prevent the super- 
structure from lifting off the motor 
; bogie. The body can therefore be con- 
é sidered as supported cn four points. 
The following may be said to sum up 


eS the position as regards electric locomo- as vehicles, some of the Administrations 
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5. — Bogie of series 7200 electric locomo- 
tive, North of Spain Railways. 


_6 bogies, 4 


3 (21.4 %) have bogies with two pairs 
of carrying wheels at both ends, and 
3 (214 %) at one end; out of these 
(66.6 %) correspond to the 
characteristic Cv and 1 (16.7 %) to the 
characteristics Ce and Cme, 


The 3 locomotives fitted with bogies 

jor one direction of running have pony 
trucks for the other direction of run- 
ning. 
' Among the 14 — 6 = 8 remaining lo- 
comotives, 3 (21.4 %) have bogies con- 
sisting of one carrying and one driving 
pair of wheels, 4 (28.6 %) have a pony 
truck at each end, 1 locomotive (7.2 %) 
has no carrying pairs of wheels, the 
guiding being done by the six-wheeled 
driving bogies. 


Tenders. 


As far as concerns tenders regarded 
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carry the four pairs of wheels of the 
tenders of their 4-6-0 (series 3900 and 
series R) locomotives in a common 
frame; all the other Railway Admiinis- 
trations group the four pairs of wheels 
in pairs in two bogies or fit two pairs 
of wheels in a leading bogie and the 
other two pairs of wheels in the main 
frame of the tender. 

It will be easier to appreciate the more 
or less satisfactory properties of the 
different methods of construction if we 
consider rapidly the most widely used 
‘types. 

The standard German locomotive ten- 
der for main lines, which is probably 
the most modern of the tenders men- 
tioned in the replies, is carried on two 
four-wheeled bogies with double sus- 
pension. Figure 17 shows this method 
of construction. The centres of the bo- 
gies are fixed in two-piece centre cast- 
ings but do not carry any load. Two 
bearings are fitted in the same plane 
on each side of the bogie centres. Pre- 
viously, as on bogie carriages, bolsters 
with lateral play were used; this ar- 
rangement has been given up. The flat 
friction blocks in cast steel are bolted 
beneath the body cross bearers. Each 


. 17. — Bogie of standard tender 4 T 32 


of the German State Railways. 


rests on a spherical cast iron roller, 
with a large bearing surface, which can 
follow any inclination of the bogie by 
adapting itself to the concave surface 
of the bracket taking the transverse 
springs (two pairs of elliptical springs). 
On the lower face of the bracket are 
inserted distance pieces which engage 
with the buckles of the two side by side 
transverse springs and prevent them 
from moving relatively to the bearing 
surface. 

The bogie frame built up of steel cast- 
ings is carried over each axle box by 
two helical springs made from round 
sections. These springs are held in 
pockets cast with the frame guides. The 
load is transmitted in line with the 
frames carrying the body of the tender 
to the axle boxes, the helical springs 


of which are placed in line with the 


guides. The two helical springs 
[strength = 105 kgr. per mm. (5 880 Ib. 
per inch)] of each box transmit the 


tractive effort to the box by the spring — 


bolts and two flat stirrups on each side 
of the guides. 

The boxes allow each pair of wheels 
of the bogie to incline 40’ transversely 
to the bogie frame, so that a wheel on 
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one side can rise or fall 17.4 mm. 
(11/16 inch). In the axle boxes them- 
selves there is a bearing plate, the top 
face of which is convex in order to 
transmit the load without shock. The 
method of support corresponds to cha- 
racteristic Ce. 

In the same way the tenders of the 
4-6-2 series 3000, 4-8-0 series 4000, and 
4-8-2 series 4600 locomotives of the 
North of Spain Railways have bogies 
with bilateral supports on spherical 
rollers, fixed centres, but single spring 
gear, consisting of four laminated 
springs. The method of support cor- 
responds to the characteristic Ce. 

Many diamond frame bogies of the 
American type with the side frames built 
up of flat bars to which the four axle 
boxes are rigidly bolted are still in use. 
The tender body is carried in these 
bogies either by means of two rollers on 
a hemispherical flat bearing, each of 
which rests on two pairs of elliptical 
springs, or by means of a disc in the 
usual position of the centre. As we have 
already explained, a bearing on a cen- 
tral disc is not equal to the « centre 
linife edge >. 

Bogies of this type could not pos- 
sibly be used at the leading end of a 
locomotive because their wheels cannot 
adapt themselves to inequalities in the 
rai! surface without bending the side 
frames. This is an undoubted defect in 
this type of bogie. It-is only on account 
of their short wheel base that this de- 


fect has not made itself more obvious.” 
Diamond frame bogies of this type have’ 


been reported with a wheel base of 1.80m. 
(5 ft. 10 55/64 in.) (German State Rail- 
ways, Finnish State Railways, and North 
of Spain Railways) and 1.90 m. (6 ft. 
2 5/32 in.) wheel base (Dutch East In- 
dies State Railways, Bergslagen  Rail- 
way). 

The Madrid-Saragossa-Alicante  Rail- 
ways carry the tenders of their 4-6-2 loco- 
motives on two four-wheeled bogies. The 
load is transmitted to centre discs with 


pins and therefrom to longitudinal equal- 
ising springs suspended on drop equal- 
isers. No other railway uses tenders with 
longitudinal equalising springs, i. e. a 
method of construction quite usual in the 
case of the leading bogies of locomotives 
and moreover a very practical one, but 
which in this case as on carriages invol- 
ves the use of outside boxes. In Chap- 
ter III we show the effects of outside 
springs, compared with inside springs. 
The method of support of these bogies 
comes under the characteristic Cnv’s. 


Eight-wheeled tenders with a single 
bogie have been built by the German State 
Railways as a transition type, in order to 
be able to turn standard 4-6-2 locomo- 
tives with their tenders on 20-m. (65 ft. 
7 in.) diameter turntables, or with the 
hope of obtaining particularly good run- 
ning. The leading bogie is supported on 
four points. The body of the tender 
rests on the bogie, in one group of ten- 
ders, by the arrangement with cross 
knife edge, and in the other group, by a 
spherical centre. The methods of sup- 
port therefore correspond to the types Ce 
and Cm/’e. The two trailing pairs of 
wheels carried in the tender frame are 
connected by equalisers. Consequently 
the tender itself is supported on either 
four or three points. 

This type of vehicle with two pairs of 
wheels in a bogie and two pairs of wheels 
rigidly carried in the main frame makes 
it possible to use short tenders; but from 
the point of view of our investigation it 
cannot be recommended, as two indepen- 
dent bogies (diamond frame bogies must 
be eliminated for similar reasons) adapt 
themselves better to irregularities in the 
surface of the track and consequently are 
subject to smaller changes of pressure of 
the guiding wheels. Another argument 
is that unless the flanges of the wheels 
following the bogie are reduced by 10 to 
15 mm. (25/64 to 19/32 inch), i. e. the 
first pairs of wheels mounted rigidly in 
the frame, it is not possible for the tender 
to run through turnouts of small radius. 
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The result of the above is that the 
eight-wheeled tenders of the locomotives 
dealt with in the replies are carried in 
one case only on four pairs of wheels in 
ad common frame, and in every other case 
on two bogies with two pairs of wheels 
or one bogie with two pairs of wheels 
and two pairs of wheels rigidly mounted 
in the tender frame. The type carried 
on two bogies is to be preferred. 

The bogies correspond, by their me- 
thod of support, to the characteristics Ce 
and Cnv’s, unless it is a question of bogies 
with pairs of wheels rigidly mounted in 
the bogie frame, in which case we have 
not adopted any characieristic, because 
considered {rom the point of view of sup- 
port, they are statically indeterminate 
and should not therefore in our opinion 
be used under any future tenders. 

In general the wheels of the guiding 
bogies of steam locomotives carry smaller 
loads than driving and coupled wheels. 

On the standard German 4-6-2 type 
locomotives the reduction is 18 and 
20.6 %; in the case of the locomotives of 
the former German States, it ies between 
15.7 and 29.8 %. The Finnish State Rail- 
ways report a reduction in load of 27.8 % 
on the wheels of the leading bogies of 
their H 8 and H 9, 4-6-0 type locomotives; 
they say that the results have been satis- 
factory and that they adopted these 
reduced loads to prevent derailment. The 
reduction is 30 % on the 4-8-2, 39.3 % on 
the 4-6-2, 42 % on the 4-8-0 and 43.8 % 
on the 4-8-4 Spanish locomotives. 

The load on the wheels of the leading 
trucks of steam locomotives is as much 
as 21.8 % less than on the following pair 
of coupled wheels. 

The reduction of the load on the lead- 
ing bogies is therefore very great and the 
evident reason is that it has been desired 
to avoid excessive surface pressures 
which would result in the rapid wear 

of these small wheels which in part are 
submitted to considerable braking forces. 

From Hertz’s equation relating to sur- 
face pressure (a roller on a smooth plate, 


Htitte pocket-book, 26th edition, Vol. 1, 
p. 683), the pressure is among other 
things inversely proportional to the 
square root of the radius of the carrying 
wheel. Thus a wheel of 1600 mm. (5 ft. 
3 in.) radius will affect the pressure by 
1/40 and a wheel of 400 mm, (1 ft. 3 3/4 
in.) radius by 1/20. 

The driving and coupled wheels of one 
and the same steam locomotive are equal- 
ly loaded, No Administration has con- 
sidered it necessary to reduce the load 
on the leading coupled pair of wheels as 
compared with that on the following 
coupled pairs. 

The trailing carrying wheels have 
generally wheels of 1.25 m, (4 ft. 1 13/64 
in.) diameter and are usually less heavi- 
ly loaded than the coupled wheels. 

On the electric locomotives also, the 
weight on the different pairs of driv- 
ing wheels are equal to each other, 
even though the driving pair of wheels 
is also guiding, as for example the driv- 
ing bogies of the Co-Co, series 7000, loco- 
motives of the North of Spain Railways, 
or if it occupies an intermediate 
position. i 

Against this, the pairs of carrying 
wheels are always less heavily loaded 
than the corresponding driving pairs. 
This difference is for example 30 % 
for the 2'C 2, series E06 locomotives of 
the German State Railways; for the 
whole of the electric locomotives it is 
on the average 21.8 %. 

The unsprung weights of the electric 
locomotives are less than those of the 
steam locomotives; actually the wheels 
are smaller in diameter, and with the 
individual drive of the wheels the weight 
of the rods and the counterbalance 
weight is saved. The greatest unsprung 
weight is found with the axle-hung motor 
drive (for example 4.55 tons on the E 18 
locomotive of the German State Rail- 
ways) in which, as is known, half the 
weight of the motor is unsprung, 

All the Administrations consulted have 
endeavoured to so arrange ihe water and 
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coal on the tender that the axle weights 
change relatively to one another as little 
as possible as the fuel and water are 
used. By careful weighing, several 
Administrations have satisfied them- 
selves that this is so. The ideal solution 
which consists of making the common 
centre of gravity of the water and fuel 
coincide with the centre of gravity of the 
suspension comes up against practical 
difficulties, especially owing to the form 
of the coal hopper which has to he so 
designed as to make sure that the fuel 
feeds itself forward as it is used. 

The good running of a steam loco- 
motive depends very largely ou the 
height of the centre of gravity, as the 
elevated posiiion of the cenire of 
gravity is favourable to smooth running. 
The height of the centre of gravity in- 
creases with the increase in heating sur- 
face, i.e. inevitably, because through this 
ever-increasing size, the centre lines cf 
the boilers have constantly to be raised. 
Probably with the centre line of the 
boiler 3.40 m. (11 ft. 1 55/64 in.) over 
the rail level (2-8-4 locomotive of the 
Austrian Federal Railways) the limit 
with the actual loading gauge has been 
reached. We are not speaking here of 
special types, such as the ultra-high- 
pressure Schwartzkopff-Loffler locomo- 
tive, the centre line of the boiler of which 
is 3.63 m. (11 ft. 11 in.) above rail level. 
As the overturning moment which affects 
the stability on curves increases with 
the square of the speed and directly with 
the height of the centre of gravity, above 
the rail level, it is necessary when deal- 
ing with the question of stability to know 
the height of the centre of gravity. Un- 
fortunately the positions of the centres 
of gravity of all the locomotives mention- 
ed in the replies are not known. From 
the information supplied the height of 
the centre of gravity of the high- -speed 
locomotives above rail level varies be- 
tween 1.64 m. (5 ft. 4 ak in.) (4-6-0 Fin- 
nish locomotive) and 2.235 m. (7 ft. din.) 
(4-8-2 locomotive of the North of Spain). 


The height of the centre of gravity 
of the standard gauge locomotives ts 
given approximately by the empirical 
formula: 


H, = 1.034 H, —- 1.20 (dimensions in 
metres) 
in which H, = the height of the centre 


of gravity of the locomotive as a whole 
above rail level; 

H, = the height of the centre line of 
the boiler above rail level. 

For example : 

— For the standard Seenak locomo- 
tives, series 01 (bar frames), 

H, = 1.034 x 3.100 — 1.200 = 2.005 m. 
(6 ft. 3 25/64 in.) against the actual 
2.005 m.; 

—— For the standard German locomo- 
ae series 03 (bar frames), 

H, = 1.034 x 3.100 — 1.200 = 2.005 m- 
(6 ft. 3 25/64 in.) as compared with the 
actual 2.008 m. (6 ft. 3 33/64 in.) ; 

— For the former Baden locomotive 
4-6-2 series 183 (bar frames), ; 

H, = 1.034 x 2.900 — 1.200 = 1.799 m. 
(5 ft. 10 53/64 in.) as compared with the 
actual 1.780 m. (5 ft. 10 5/64 in.) ; 

— For the 4-6-0 Finnish locomotive 
(plate frame), 

H, = 1.034 x 2.725 — 1.200 = 1.618 m. 
(5 ft. 3 45/64 in.) as compared with the 
actual 1.640 m. (5 ft. 4 35/64 in.); 

—. For the former Bavarian 4-6-2 loco- 
motive series 185 (bar frame), 

HS 1 03436 2X 855 1200 = 1a52im: 
(5 ft. 9 in.) as compared with the actua? 
1.740 m. (5 ft. 8 35/64 in.) ; 

— For the 4-6-2 Swedish series F loco- 
motive (plate frame), 

Hys ='1,034 & 2:900'—7.200 = 1-799m- 
(5 ft. 10 53/64 in.) as compared with the 
actual 1.850 m. (6 ft. 53/64 in.). 


The centre of gravity of the spring - 
carried weight of steam locomotives is 
between ‘100° m. and. 262%me)''(6= ft; 
2 25/32 in. and 7 ft. 7 23/64 in.) above 
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rail level. For the 4 locomotives with 
bar frames (series 01, 03, 183 and 185 of 
the German State Railways all of the 
4-6-2 type) the height of the centre of 
gravity H,, of the spring carried masses 
above rail level has been calculated. The 
empirical formula : 


H,, = 1.368 H;,— 1,935 (dimensions 
in metres) gives approximate agreement 
with the calculated figures. For example 
we find : 

— For the standard German locomo- 
tive series 01 and 03 (bar frame), 

Hi, =O OGM Cal ete Se 2 3 0D In 
(7 ft. 6 3/4 in.) compared with the ac- 
tual 2.290 m. (7 ft. 6 5/32 in.) for 01, and 
Pool Oemes (ie tbe 723/64 ines FOR 03. t0r 
the former Baden 4-6-2 locomotive series 
18° (bar frame), 


— H, = 1.368 x 2.9 — 1.935 = 2.032 m. 
(6 ft. 8 in.) as compared with the actual 
2.020 m. (6 ft. 7 33/64 in.) and compared 
with 2.020 m. of the 4-6-0 locomotive of 
the Berslagen Railway (bar frame), as 
well as compared with 1.965 m. (6 ft. 
5 23/64 in.) of the former Wurtemberg 
4-6-2 locomotive, series 18! (plate frame). 


The Administrations who replied to 


the question state that the running of — 


these locomotives is smooth on good 
track. The Dutch East Indies State Rail- 
ways [1.067 m. (3 ft. 6 in.) gauge] are 
less satisfied with the running of the 
four-cylinder compound 4-6-2, series 24 
locomotives, the centre line of the boiler 
of which is 2.30 m. (7 ft. 6 35/64 in.) 
above the rails, than with that of the 
4-6-2, series 22 locomotive, having the 
centre line of the boiler 100 mm. (3 15/16 
inches) lower down. In addition, ano- 
ther administration stresses the fact that 


‘its 2-8-2 locomotive runs better than its 


4-6-2, although the height of the centre 


line of the boiler is the same [2.90 m.. 


(9 ft. 6 13/64 in.) ] in the two cases. 


The position of the centre of gravily 
of the tenders has been given in a few 


cases only; the dimensions quoted for. 


H, vary between 1.66 m. and 1.79 m. 


s 


(9 ft. 5 23764 in. and’5 ft. 10 15/32 in.), 
and for H,, between 1.83 m. and 2.02 m. 
(6 ft. and 6 ft. 7 33/64 in.). For exam- 
ple, for the same 8-wheeled tender of the 
old Bavarian 4-6-2, series 185 locomotive, 
and the old Baden 4-6-2, series 183 loco- 
motive, the following values have been 
found : 


Hy, = 1.79 and 1.78 m. (5 ft. 1015/32an, 
and 5 ft. 10 5/64 in.) and 


H,, = 1.94 and 1.944 m. (6 ft. 4 25/64 
in. and 6 ft. 4 35/64 in.). 


The last question of this chapter which 
deals with the stability of the vehicles is 
one of the principal questions in our 
programme. It is necessary that the 
vehicle should not turn over when run- 
ning onto or off a curve. It is clear that 
besides the height of the centre of gravity 
of the whole and the centre of gravity of 
the spring carried parts of the vehicle, 
the superelevation of the outer rail is of 
capital importance. The operating de- 
partment must also decide the maximum 
speed and the permanent way engineer 
take the necessary steps to guarantee 
stability with the permanent way in use. 
The rolling stock is necessarily designed 
on the bases of the conditions under 
which it has to be used. It is not in the 
power of the carriage builder to modify 
appreciably the height of the centre of 
gravity of a type. This remark applies 
particularly to the steam locomotives, on 
which, as- we have seen, the centre of 
gravity has become higher and higher as 
the power of the boiler has increased and 
in which this progressive increase in 
height has had the favourable effect of 
making the running on the straight 
smoother and consequently safer. 

There is no need to consider carriages 
here, on account of the low position of 
the centres of gravity. 

Very thorough investigations have 
been made over many years into the 
superelevation of the outer line of rails. 

The investigations made in 1930 by 
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the German Railway Association were 
based on the theoretical formula : 

v2 

hmm = 11.8 . — 

ye 
(in which h,,, = the superelevation, 
V = the speed in km./h., and r = the 
radius in metres of the curve), and an 
investigation was made into the coeffi- 
cients to be adopted according to whe- 
thers. 


1. the wear of the rail in height, 
2. the safety of working, 
3. smooth running, and 


4. the economic question (the wear 
of the rails in height and width) are 
considered as the preponderant factors. 
The result of these investigations has 
been condensed into paragraph 20, sec- 
tion 2) of the « Technical Standards >». 
An important point is that from the 
point of view of the construction and 
maintenance of the track, it is not 
desirable that the centre of gravity of 
the locomotive as a whole should exceed 
2.10 m. (6 ft. 10 43/64 in.) above rail 
level, whereas the Austrian locomotives 
2-8-4 types 114 and.214 with the centre 
line of the boiler 3.40 m. (11 ft. 1 55/64 
in.) above the top of the rail, have the 
centre of gravity at a height of 2.07 m. 
(6 ft. 9 33/64 in.) as otherwise the su- 
perelevation will have such a value that 
with short transition curves, it would 
be impossible to make the superelevation 
incline sufficiently regular, and_ this 
would have the invetable consequence 
of reducing the speed in such cases; 
such cases are frequent on certain lines. 
The German Railway Association recom- 
mends that the maximum superelevation 
should =: 

v2 
a a + by 


and the minimum : 


V2 
Cg be 
r 


The superelevation must not exceed 
150 mm. (5 23/32 inches) nor be less 
than 


72 


he pao 90, 
P 


this latter formula being intended to 
give the minimum superelevation for 
sufficient stability. 

In the above formule : 

h is the superelevation in mm. 


V the maximum speed on the super- 
elevated line in km./h. 


r the radius of the curve in metres. 
d= 8: 


b, = 30, in exceptional cases up to 
40 at the most. 
be 3303 


2 


In addition it is recommended that 
the superelevation should be as high as 
possible within the limits laid down. 

Obviously it is necessary to insist that 
the superelevation satisfy the condition 
of a sufficient margin of safety, even in 
the most unfavourable cases. The more 
it can be increased, the better the desi- 
derata relative to smooth running of 
express trains, uniform wear on the top 
of the rails, and economy can be re- 
alised. 

A question still remaining open is that 
of knowing what degree of safety it is 
desirable to insist upon. During the 
discussions which took place at the 
meetings of the technical committee on 
the permanent way of the German Rail- 
way Association it was thought desi- 
rable to insist upon a factor of safety 
of at least 5 against turning over. It is 
desirable therefore to see what answers 
the different administrations have sent; 
they are unfortunately very few, be- 
cause they themselves do not know the 
position of the centre of gravity of more 
than a few vehicles. 

The German State Railways base their 
calculation on a curve of 250 m. (123 — 
chains) radius. This curve was select- 
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ed because the factor determining the 
72 


=e \ 
stability — reaches in the range be- 
Pz 


tween r = 500 m. (25 chains) and r = 
180 m. (9 chains) its maximum value 
when r = 250 m. (12 1/2 chains). The 
maximum speed on this curve is 60 km. 
(37.3 miles) per hour, the supereleva- 
tion of the outer line of rails is 115 mm. 
(4 33/64 inches). The degree of safety 
has been arrived at by means of the 
formula given below in dealing with 
electric locomotives. It was found that 
for the two express 4-6-2 series 01 and 
03 locomotives, the position of the cen- 
tre of gravity of which is known, the 
stability n = 6.4 under the most unfa- 
vourable conditions. 

For the former Bavarian 4-6-2, series 
185 locomotive, we find n = 13.1 with 
V = 60 km. (37.3 miles) per hour, r = 
292 m. (14 1/2 chains) and h = 98 mm. 
(3 55/64 inches); for the corresponding 


eight-wheeled tender rn = 12.6. 

For the former Baden 4-6-2, series 18? 
locomotive, we get n = 10.2 with V = 
66 km. (41 miles) per hour,r = 310 m. 
G5e it) 2 chains) cand. ie she mm: 
(4.11/32 inches). 

For —— 

Vv? 662 

Rmin Fie oe Be es oe = 76mm. 

(2 63/64 inches),-we find n = 6.3. 


A broken spring does not reduce the 
value of rn. 

Some administrations, for example the 
North of Spain Railways, keep the long 
equalising levers in place in the event 
of a broken spring by spring checks 
limiting the distance they can move. _ 

We have examined all the steam loco- 
motives upon which we have received, 
or about which we have collected, in- 
formation as regards stability on a curve 
of 300 m. (15 chains) radius, using all 
the values of h communicated, corres- 
ponding to this curve, for the superele- 
vation of the outside rail and _ the 
maximum speeds allowed. The stability 


which we designate by n has been cai- 
culated by means of the following con- 
siderations : 

The centrifugal force 


ee G ve 
g r 


counteracted by the centre of gravity 
of the locomotive as a whole by the 
horizontal transverse force of the axle 


I 
load G = COs o (fig. 18). The angle ¢ 


being very small, we can make cos «¢& 
= 1. Consequently the force applied at 
S is the excess of the centrifugal force 
G v? h V2 h 


s/ 


Fig. 18. — Stability. 


For the degree of safety mn, we have 
the equation : 


n- 40-H=@-(S—e), 
2 J 


in whicl ee 
in which Os = 
We then get 
s .{s 
al; —¢| of; —<| 
Pee FS eT Re ae TET 
AC-H G Vv =|. a 
127.5 -7 Ss 
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If we take s = 1.50 m. (4 ft. 11 in.) 
we find after having made the neces- 
sary calculations the degree of stability : 


127.5 (0.75 -— e)r 
ees HV? - 85-h-r) 


These purely < static » considerations 
have been given new additions of very 
great value, by the Technical Committee 
of the German Railway Association, as 
the result of the investigations made by 
the Austrian Federal Railways on the 
dynamic actions which occur after the 
fracture of a spring. The two methods 
end in the same result, so that it has 
been thought reasonable to use for A the 
formule reproduced above. 

The calculations have brought out the 
following facts : 

The stability of the German express 
steam locomotives, when running at 
65 km. (40.4 miles) an hour on a super- 
elevation of 110 mm. (4 11/32 inches) 
and a maximum deflection of the springs 
of 50 mm. (1 31/32 inches) lies between 
8.5 (series 01) and 10.1 (series 185 Bava- 
rian), i. e. between quite narrow limits. 

The 4-6-0 locomotive of the Norwegian 
State Railways under almost identical 
conditions has a factor of stability of 
10.3. 

The Netherlands Railways’ locomotives 
which run through a curve of 300 m. 
(15 chains) radius at a maximum speed 
cf only 60 km. (67.3 inches) per hour, 
have a factor of safety of 15.5 to 19.5. © 

The degree of stability of the 4-6-0 
Danish locomotive is slightly less than 
that of the German Steam locomotives; 
it equals 7.4, on a curve of 250 m. (12 1/2 
chains) radius, it is true run over with 
95 mm. (3 47/64 inches) superelevation, 
at the maximum speed of 60 km. (37.3 
miles) per hour. In the case of the 
curve r = 300 m. (15 chains), no in- 
formation was supplied. 


The greatest degree of stability of all 


the vehicles of standard gauge examined =~ 
is that of the 4-6-0 locomotives of the 
Bergslagen Railway with the factor of 
27.5; it reaches this value at a maximum 
speed of 60 km. (37.3 miles) per hour 
ont the curve of r = 300m. (15 chains), 
thanks to a superelevation h = 120 mm. 
(4 23/32 inches) and to the low posi- 
tion, 1.77 m. (5 ft. 9 43/64 in.) above 
rail level, of the centre of gravity of the 
locomotive as a whole. 

In order to be complete, we will also 
mention that the Swedish standard gauge 
locomotive 4-6-2 has a stability of 23.4 
on a curve of r = 450 m. (22 1/2 chains), 
the smailest that is met on the line, 
V = 70 km. (43.5 miles) per hour and 
h = 105 mm. (4 1/8 inches). 

The broad gauge locomotives imen- 
tioned in the replies have a factor of 
stability of 22.9 to 54. For example on 
the Finnish 4-6-0 locomotive the factor 
of safety equals 22.9 for 1.524-m. (5 feet) 
gauge at a speed of 60 km. (37.3 miles) 
an hour on a curve of 300-m. (15 chains) 
radius, with 120 mm. (4 23/32 inches) 
superelevation. With the 1.67-m. (5 ft. 
5 3/4 in.) gauge locomotives of the " 
North of Spain Railways the stability is 
as much as 48 to 54 when running 
through a curve of 300 m. (15 chains) 
radius with 150 mm. (5 29/32 inches) 
supereleyvation at 60 km. (37.3 miles) 
per hour. 


_ As regards electric locomotives we 
have received detailed information from 
the German State Railways. The stabil- . 
ity of the worst locomotives with single . 
motor above the frame is, from tests 
carried out, rn = 7. The locomotives 
with individual axle drive owing to the — 
much lower position of their centres of 
gravity have a higher degree of safety 
against overturning. 

We find therefore quite definitely that 
the satisfactory solution of the question 
of stability just considered presents no 
difficulty, and that it is possible to pro- 
vide a sufficient degree of stability. 
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CHAPTER III. 


Adaptation of the running gear to sur- 
face irregularities on transition curves 
and to unevenness in level of the track. 


In the foreword to their questionnaire, 
the reporters pointed out that the safety 
of vehicles at high speeds required the 
fulfilment of certain conditions relating 
to the construction and maintenance of 
the vehicle and of the track and that, 
as far as the vehicle was concerned, the 
method of transmitting the suspended 
weight to the wheels was one of the 
principal questions that awaited the 
consideration and appreciation of the 
reporters. This is the reason why it 
has been necessary to deal at such great 
length in chapter II of this report with 
the method of carrying the main frame 
of the locomotive and on the details of 
the running gear which are responsible 
for guiding the locomotive at the leading 
end. It is obvious that a guiding wheel 
on which no reduction of weight ever 
occurs cannot in any case be pushed off 
the line by the static guiding pressure 
Y acting transversely to the rail from 


the inside to the outside, provided that_ 


it is suitably loaded. The more perfect- 
ly this condition is fulfilled, the more 
the static surety of guiding is guaran- 
teed, provided, of course, that the angle of 
contact of the directing wheel with the 
rail remains small and that there are 
no notable irregularities in the direction 
of the rails to set up dynamic actions. 
Moreover it is known that one-sided irre- 
gularities in the track on the straight 
and on curves, but above all alterations 
in height of the points of support of the 
wheels, alterations which arise when 
running off a superelevated curve onto 
the irregular surface of the transition, 
are the causes capable of altering most 
appreciably the static pressures, corres- 
ponding to points of support of equal 
height, of the leading wheels of the loco- 
motive, i. e. of the most important pair 


. 
Fs) 


of wheels of the whole of the wheels 
and to compromise the safety of run- 
ning. 

Tests and experience have taught us 
how these dangers can be guarded 
against. In the hard school of success 
and failure, satisfactory designs have 
been found for the running gear. But 
the question still remains as to what 
extent the different types satisfy the 
desired object. In order to be able to 
reply to this question we require some 
scale of comparison that we can then 
apply to the bogies examined in 
Chapter Hl. Actually only bogies con- 
sisting of carrying wheels or of carrying 
and driving wheels should be taken into 
consideration as regard the guiding of 
locomotives at high speeds. This scale 
then should enable us to compare, inde- 
pendently of any personal judgment, the 
numerical value of the different types 
of bogies. How are we to find this im- 
partial standard? 

Continuing the work of Dr. Linde- 
mann and Professor Denecke, Dr. Uebe- 
lacker has shown in the Organ fur die 
Fortschritte des Eisenbahnwesens for 
the years 1926 and 1928 how the varia- 


_tions of the pressures of the wheels of 


a vehicle when running on irregular 
track surfaces can be calculated. By 


means of this new method we can find_ 


the needed scale for comparing our 
bogies. But our investigations have 
shown broadly in a manner generally 
applicable, the relations between the 
number of planes of support of the loco- 
motives, the way of carrying the bogie 
and the changes of pressure of the di- 
recting wheels. We proceeded as fol- 
lows : 2 

Let us suppose a locomotive on a 
straight level line, the points of support 
of all the wheels being at the same /evel, 
except the left wheel of the first pair of 
wheels of the directing bogie with two 
pairs of carrying ~wheels, which is 
placed at X millimetres (mm.) below 
the horizontal plane passing through the 
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points of support of all the other pairs 
of wheels. Let 6 kgr. per mm. be the 
strength of the springs of the pairs of 
wheels carried in the main frame of the 
locomotive, C the « type of support cha- 
racteristic >» frequently mentioned in 
Chapter II, i. e. a numerical value repre- 
senting the statical quality of the me- 
thod by which the bogie carries its load, 
and therefore also takes into account the 
more or less great difference between 
the springs of the bogie and those of the 
main frame. Let A FP represent the 
value of the alteration of pressure of the 
left hand leading wheel when the leading 
carrying guiding pair of wheels is in 
the hollow of X mm., i. e. in an out of 
line position relatively to the other pair 
of wheels placed horizontally; we then 
have : 


Ae ==" CONG 


The variation of pressure of the wheel 
remains relatively small if the two fac- 
tors C and 6 are kept small and if, con- 
sequently, the product C 6 has a mini- 
mum value. Actually the value X of the 
hollow place in the track is not within 
the control of the rolling stock builder 
as it depends on the state of the line run 
over. We shall see later by what me- 
thod it is possible to bring the charac- 
teristic C to a low value. But for the 
value of the variation of pressure A P 
of the wheel of the leading guiding 
bogie, it is no less important that the 
springing of the driving wheels and 
coupled wheels should be flexible, i. e. 
that 6 should be relatively small. 

ss When the locomotive is placed as 
above from the static point of view it is 
in the same position as when its second 
pair of bogie wheels passes from a su- 
perelevated curve down a leaving ramp, 
the first pair of bogie wheels then run- 


ort 2 _ ning on the slope of the leaving transi- 
~ tion and its guiding wheel having 


a dropped by X mm. We.know that on 
= the transition up to the superelevated 
rail of the curve the guiding wheel is 


overloaded as it is not only the highest 
wheel of the locomotive but it also re- 
ceives an extra load through the trans- 
mission of the guiding pressure to the 


inside wheel and to the main frame. 
The inside wheel of the leading di- 


recting pair of bogie wheels can have 
the load taken off it to a very serious 
extent when through the action of the 
excess centrifugal forces or of shock, the 
main frame lifts on the bogie. But con- 
sidered as a whole, the conditions rela- 
tive to the changes of pressure of the 
directing wheel are more favourable 
when running onto the superelevated 
curve than when leaving it. For this 
reason, we will consider the conditions 
found on the leaving ramp. 

We will also suppose that we are deal- 
ing with a 4-6-2 locomotive carried in 
three planes and arranged in such a way 
that we can fit it in turn with different 
types of bogies with all the various types 
of support considered in Chapter II. It 
may be recollected that the bogies on 
which the main frame is carried on the 
two sides, to the right and to the left of 
the transverse centre line, were given 
the characteristic C. In addition among 
these bogies there were some on which 
the main frame is supported at the 
centre of the bogie by a spherical or 
hemispherical centre; we have distin- 
guished them by the characteristic Cm, 
or by Cm’, if the support consisted of 
flat circular disc centre bearing blocks. 
To be exact a support of this kind be- 
comes bilateral; but with the small dia- 
meter of the mean surface pressure : 
circle on such a disc, it approximates 
to the support on a hemispherical centre. 
Remember too that we added to these 
characteristics C, Cm or Cm’, the letters 
e, s, l, and v, if the bogie transmitted the 
load from the main frame with its own 
sprung weight by four sets of indepen- 
dent springs (e) to the 4 axle boxes of 
the two pairs of carrying wheels, or by 
two longitudinal springs (s), or by four 
individual sets of spring gear with lon- 
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gitudinal equalisers (1), or by three 
points if there was an equaliser at the 
Jeading end (v). Bogies with equalisers 
at the back represented by the charac- 
teristic Ch are not found on any of the 
locomotives mentioned in the replies. 
But as a more careful examination has 
brought out the fact that for the leading 
left wheel considered Ch = Ce, we have 
also included, for completeness, this 
type of support in the diagrams of fig- 
ures 19 to 21. 

The value of A P is very. much 
affected according as to whether the 
bearing springs are placed inside the 
sole bars or outside them, and also by 


the value of the ratio I, wherein f is the 
s 

transverse distance apart of the springs 

and s the transverse distance apart of 

the bearing points of the wheels. 


As we dealt with this matter in all its 
details elsewhere — here the necessary 
space is not available — these values of 
C have been calculated for the different 
methods of support and shown as ordi- 
nates above the values of the abscisse 


16 Figure 19 shows the curves obtained 
" 


in this way for a locomotive supported 
in three transverse planes. These cur- 
ves apply to the 4-6-2 locomotive repro- 
duced in the same figure, a locomotive 
which from the point of view of the po- 
sition of the planes of support resembles 
the former Bavarian S 3/6 locomotive. 
Special investigations have shown, how- 
ever, that these diagrams are also appli- 
cable to all 4-6-2 and 4-8-2 locomotives 
on which the ratio of the distance be- 
tween the middle and front of the 
bearing planes and the distance between 
the planes of the trailing and leading 
supports is the same as on the locomo- 


tive considered, that is represented in- 


figure 19, for which this value was 
0.4179. Any other types of 4-6-2 locomo- 

tive supported in three planes have other 
values for C, but relatively the values 


Cv of these locomotives would be sta- 
tically greater than the values Ce or Cs, 
etc., in about the same proportion. For 
each method of support (Ce, Cs, Cv, 
etc.) we have drawn three curves to 
which we give the designations p 
= 0.7, p = 0.9 and p = 1.1. These va- 
lues of p give us the proportional 
strength of the bogie springs, relatively 
to that of the main bearing springs. 
Actually only this proportional strength 
of the springs is brought into the mathe- 
matical expression C and _ not the 
strength of the springs of the main frame 
or of the bogie. If, for example, the 
strength of the main bearing springs is 


6 = 100 kgr. per mm. (5600 lb. per 
inch), and if the strength of the bogie 
bearing springs Ce is e = 143 kgr. per 
mm. (8 008 lb. per inch), we get 
ye MOO) 
= — = ——. = 0.7, 
Dak Sar 14s te, 


If on a bogie having the characteristic 
Cs the strength 6s = 222 ker. per mm. 
(12 432 lb. per inch) we get 


23 200 


“because in this case s represents the 


two individual springs on one side of 
the bogie and it is necessary therefore 
to compare it with 26 to bring the values 
C of the different methods of support to 
the same basis of comparison. 

What do we learn from these curves? 
They show that : 

The higher the value of the method of 
support characteristic C given numeri- 
cally in figure 19, the smaller is the fac- 
tor C on which depends the change of 
wheel pressure AP = C6 X. 

For a given value of 9 X, the method 
of support of the bogie can therefore 
exercise an appreciable influence on the 
static safety of running. This compara- 
tive value can be used as a scale of 
comparison of the static quality of the 
method of support. 
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Fig. 20. — Ch = Ce, Cme and Cs = Cl, as multiples of the wheel 
: load reductions of Cv. 


Outside springs cf > 1.00) cause 


$s 
greater changes in the pressure of the 
wheels than inside springs. The rela- 
tively soft bogie springs produce smaller 
changes of wheel pressures than stiffer 
springs. 

We are now in a position to arrive at 
close numerical values of the relations 
in question. We are also able to see 
clearly in what measure the support of 
the main frame on the bogie by a spher- 
ical centre is statically superior to the 
bilateral support; the values Ce drop to 
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Cme, the values Cs to Cms = Cv. From 
the static point of view, the support Cv 
is the best method of all and in addition 
is independent of the position of the 
bearing springs whether between the 
wheels or outside them. If with the 
support in three planes on six points, 
Cv reaches a certain value, always small 
this is solely due to the front plane of 


x 
support being lowered byz mm. when 


the leading wheel of the left hand side 
drops X mm. and to the fact that the 
part of the sprung load, no longer sup- 
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Fig. 21. — Ch = Ce and Cme as mutiples of Cs = Cl. 


ported after the lowering of the leading 
support A, is taken by the two other 
planes of support. The support is sup- 
posed to be in the middle transverse 
plane of the bogie. The equal reduction 
in load on all the bogie springs, express- 
ed by 
ing reduction in load on the whole 
bogie. This is the great advantage of 
the support Cv. Statically the bilateral 
support of the main frame on a bogie 
of this type is no worse in the position 
of the locomotive on which this theory 


mm. necessitates a correspond- 


is based, but in this position alone, than 
the statically ideal support by a single 
spherical centre at the centre of the 
bogie, seeing that the main frame with 
its wheels placed on the horizontal track 
exerts no transverse moment on the 
bogie frame. But when two, three, and 
finally all the pairs of wheels are on 
the irregular surface of the track, the 
central support of the frame on a spher- 
ical centre is statically better, even in 
the case of a bogie with a front equal- 
iser, than the lateral support. ; 


The diagrams of figures 20 and 2k 
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are derived from those of figure 19; they 
represent different characteristics as 
multiples of Cv and Cs, 

Compared to the support of the loco- 
motive in three planes such as we have 
considered up to the present, the support 
in two planes on three or four points is 
much better as regards alterations in 
pressure A P = CéX of the directing wheel. 
For this reason, in this report, we have 
first of all dealt with the less favourable 
method of support in three transverse 
planes, used on 53.3 % of the steam loco- 
motives mentioned in the replies. 

The support on three points does not 
require any commentary or any recom- 
mendation. On the other hand, owing 
to the actual importance of the support 
on four points, it is also necessary to 
examine in the case of locomotives car- 
ried in two transverse planes, the cha- 
racteristics of the bogies graphically, and 
to determine subsequently the numerical 
conditions by making use of the values 
of C of the two locomotives supported 
by the calculations, first of all in two, 
then in three transverse planes. In the 
notations, we add for example to the 
characteristic Ce or Cs the figure 2 or 3, 


according as the locomotive is supported— 


in two or three transverse planes, 

As now concerns this method of carry- 
ing a locomotive in two transverse planes 
_ only, the investigation by calculation has 
shown that the values C2 of the charac- 
teristics of the bogie are independent of 
the distance which separates the two 
transverse planes. They apply therefore 
to all locomotives with directing bogie 
supported in two _ transverse planes. 
_ Their numerical value only depends upon 


the total of the ratios between p ana 


Figure 22 shows in a graphical manner 
the values of C2. The calculation shows 
that these values are smaller than the 
values of C3 obtained for the same loco- 
motive carried in three planes of sup- 
port. The values Cv2 and the values 
Cmv2 and Cms2 become zero; with these 


methods of carrying the bogie and the 
locomotive there is no reduction in load 
on the leading wheel of the directing bo- 
gie. Consequently this method of sup- 
port: 

— bogie fitted with an equaliser at the 
leading end, with the main frame carried 
by the bogie on two lateral friction 
blocks (transverse knife edges), or 

— bogie fitted with a transverse equal- 
iser at the leading end and a spherical 
centre, or 

— bogie fitted with longitudinal equal- 
iser springs or a longitudinal equaliser 
at the leading end, and a spherical centre, 
with the main frame supported in two 
transverse planes only, is siatically supe- 
rior to all methods of support. 

Figure 23 shows by how much the va- 
lues C of the locomotive supported in 
three horizontal planes are greater than 
the values C of the same locomotive sup- 
ported in two transverse planes. This 
figure shows that the method of support 
Cs gives the best results, that the advan- 
tage is less with the method of support 
Cme and least appreciable with the me- 
thod Ce, if instead of the support-in three 
transverse planes, that in two transverse 
planes alone is selected. Within each 
of these groups of curves C, the advantage 
is greatest for a large p, i. e. with a rela- 
tively soft suspension of the bogie, and in 


addition for a smaller ratio fe i. e. with 


inside springs of which the transverse 
distance apart is relatively small. 

We will now explain the above state- 
ments by two examples following a me- 
thod which is of general application. 
For this purpose we will select first 
of all the 4-6-2, series 01 locomotive of 
the German State Railways supported in 
two planes on four points. In order to 
compare the values C that would be ob- 
tained if the same locomotive were sup- 
ported on three points, we have cal- 
culated the values C3, The values that 
we have found are given on the left 
hand side of table 5 below. On the 
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right side of this table opposite them the 
values of C2 and C3 have been given for 
the 4-6-2, series 185 locomotive of the 
German State Railways (S 3/6 of the 
former Bavarian State Railways), select- 


ed as the second example, which was 
supported in the first batches in three 
transverse planes, and which is sup- 
ported in two transverse planes in the 
recently built engines. 


TABLE 5, 


4-6-2 — Series 01 


SOG n= 
Bogie characteristics PD 
1 when supported in 
their multiples. | 2 | 3 2 | 3 (old design) 
transverse planes. 
| 
| Ce -—0.162 =0.2k3 —0,244 | —0.297 | 
Cs —0.068 —0.120 — 0.096 AGE 
Ce2 
GH 0.76 0.84 
Cs2 0.57 0 | 
Cs3 : 2 
Ce3 
4.32 de23 
Ce2 
Gs 1716 1.60 
Cs2 


4-6-2 — Series 18° (S 3/6) 


We see clearly that the wheel of the di- 
recting bogie which finds itself in the de- 
pression of the track has less load re- 
moved. from it with the method of sup- 
port C2, sometimes much less, than in the 
case of the support C3. The proportion 
in which this static advantage is to be 
increased depends therefore only on the 
method of support of the bogie selected. 
On the 4-6-2, series O1 locomotive, the 
bogie of which has the support charac- 
teristic Cs, the support in two trans- 
verse planes results in a change of press- 
ure on the wheels which is 43 % smal- 
ler than with the support in three trans- 
verse planes. Moreover the characteris- 
tic C2 of the 4-6-2, S 3/6 locomotive 


recently delivered, the bogie of which 
has the characteristic Ce, has reduced 
the amount of load taken off the wheels 
of the guiding bogies by 19 %. 

It would be possible to obtain a still 
more favourable result from the static 
point of view if the locomotive supported 
in two transverse planes had been fitted 
with a bogie having the characteristic Cv, 
Cmv, or Cms, because we should then 
get A P = O, as we have already shown 
above in the general remarks. This is 
always in accordance with the theory 
of the position of the locomotive which 
is the point of departure of the whole of 
this investigation, i. e.: the leading pair of 
wheels of the bogie, but this pair of wheels 
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only, placed on the superelevation ramp 
leading from the curve to the straight. 

As regards the calculations and practi- 
cal investigations throwing light on the 
more or less satisfactory adaptability of 
certain types of bogies to superelevation 
ramps, and to irregularities in the track, 
the only information received was from 
the German State Railways. From this 
we have learnt that the calculated re- 
duction in load on the guiding wheel of 
the standard bogie of the German loco- 
motive having the support characteristic 
Cs, is about 3 to 3.5 % when leaving the 
minimum radius curve [R = 180 m. (9 
chains), gradient 1 in 556] and that when 
passing over a depression in the track 
fa 20-mm. drop on a rail length of 2 m. 
(1 in 100 on a length of 6 ft. 6 3/4 in) ], 
the reduction in the wheel load is as 
high as 6 %. 

We have personally carried out, on the 
Karlsruhe Division of the German State 
Railways, many investigations into the 
changes of pressure of the directing 
wheels when running over rails on irre- 
gular surfaces. The investigations re- 
sulted in the above mentioned results 
among others. The influence of the 
gradients and the lengths of the super- 
elevation on the determination of the 
maximum speed is examined in the part 
of our report dealing with the track. 
From the considerations just given ob- 
viously we should insist upon long tran- 
sitions with a moderate inclination. For 
the minimum curve of {80 m. (9 chains) 
radius, the Gerinan State Railways has 
fixed the slope of the transition at 1 in 
556 (1.8 mm. per m.). In practice steep- 
er gradients are sometimes met. When 
relaying the track, or for other reasons, 
the superelevation is not always laid in 
throughout on the small inclination pres- 
cribed; it sometimes happens that short 
lengths are laid in with much steeper gra- 
dients. in the interest of safety it is 
therefore necessary that the work of 
levelling up the rails on double track 


lines should always be carried out against 
the direction of running, so that any such 
short length can be taken on a rising gra- 
dient. 

There are hardly any connections on a 
1 in 100 gradient within the length of a 
locomotive; steeper gradients are still 
possible on smaller lengths in the event 
of the road being lifted by frost. In or- 
der to show clearly and express numeri- 
cally the differences of the effect of such 
and such a method of support of the re- 
ductions of load on the wheels and to 
be able to represent the processus of the 
changes of pressure on the wheels such 
as take place when the locomotive runs 
off the superelevation ramp, we have cal- 
culated the case of a 4-6-2, series 185 loco- 
motive, a former Bavarian S 3/6 locomo- 
tive, supported in three planes and fitted 
with a Ce bogie, running down a super- 
elevation ramp on a slope of 1 in 100. 
In order to carry out this investigation 
the locomotive was pushed in each 
experiment over a length equal to its 
wheel base on the slope and a calcula- 
tion made of the amount of reduction of 
load on the directing bogie wheel going 
down the superelevation ramp when 
the wheels of the locomotive came ex- 
actly, one after the other, in line with 
the point of change of the gradient at 
which no rounding off was allowed. In 
order to ascertain the influence of the 
method of support of the bogie and the 
method of support of the whole of the 
locomotive in two or three transverse 
planes, the tests were repeated for the 
same locomotive supported in two trans- 
verse planes only. Finally the change of 
pressure of the leading wheel of the bogie 
was again calculated for the case in 
which the locomotive was fitted with a 
Ce bogie instead of a Cs bogie, and with 
the locomotiye supported first of all in 
three and then in two planes. Table 6 
below gives the results obtained, which 
are also represented in figure 24. ; 

Everything we have dealt with in the 
general considerations and proved by nu- 
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6. Achse im Hatchpunkf 


A 7 


Fig. 24. — Variations of wheel pressure of the guiding pair of wheels 
of the bogie when leaving a superelevation incline of 1 in 100. 


Note: Achse im Knickpunkt = Axle at point where gradient changes. 


merical examples demonstrates how 
much better from the static point of view 
it is to support the sprung weight of the 
locomotive in two planes on three or four 
points than to support it in three planes. 
We are now in a position to interpret 
fully the meaning of the passages in ital- 
ics in Chapter II; we can better under- 
stand the result of deciding in favour 
of one or the other method of supporting 
the main frame and its effects on the al- 
terations of pressure of the leading pair 
_ of wheels of the locomotive. We see that 
46.7 % of the steam locomotives men- 
tioned in the replies are supported in two 


planes (30 % on three points and 16.7 % 
on four points), and 53.3 % in three 
planes, while on the electric locomotives 
the method of support in two planes, 
statically better, has been selected for a 
much greater number, that is 21.4 + 
42.8 = 64.2 % of these locomotives. 

We can also more clearly appreciate, 
from the diagrams of figures 19 to 23, the 
influence of the design of the bogies on 
the static safety of running, as we can 
very easily give numerical values to the 
distinctive characteristics. It is with 
this object that we have imagined the 
idea of the «bogie characteristic C». It 
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is true that this notion is connected with 
a certain position, defined above, of the 
locomotive, this latter being placed on a 
straight and level line, only the left lead- 
ing bogie wheel being in a X-mm. depres- 
sion in the track. We explained at the 
same time that as regards the alteration 
of pressure of the leading guiding bogie 
wheel, this position produces exactly the 
same effect as when the second pair of 
wheels of the bogie leaves the superele- 
vated curve to follow the first pair of 
bogie wheels which is already on the 
superelevation ramp and X-mm. lower. 
It is not permissible to generalise on such 
limited information, and we were there- 
fore led to ask if this « bogie character- 
istic » really expressed the static quality 
of the design. This characteristic is, af- 
ter all, only used to determine the change 
of pressure of the wheel for the sole po- 
sition in which the locomotive, through 
a depression on one side of the track on 
the straight, has one of its two carrying 
wheels lower than the other, or has ar- 
rived at the end of. the curve, with its 
leading bogie wheels on the down gra- 
dient of the superelevation ramp. 


To elucidate the more general signifi- 
cance of the « bogie characteristic », 
among other reasons, we have given the 
results of the calculation reproduced in 
figure 24. We conclude therefrom as 
follows : when the locomotive runs onto 
the superelevation ramp, the load taken 
off the directing wheel at the leading end 
increases naturally with the difference 
in level, but the superiority of the me- 
thod of support in two planes over that 
in three planes only lasts until the posi- 
tion of the change in gradient lies be- 
tween the 4th and 5th pairs of wheels. 
Calculation shows that the change cor- 
responds to the position in which the 
back plane of support is exactly above 
the point of change of gradient. But 
after a time the curves calculated for C2 
become higher again, whatever the design 
of bogie, and lie above the curves cal- 
culated for C3 though but little, it is true. 
Even if continuing down the transition, 
the two methods of support (in two or 
three transverse planes) for a given type 
of bogie give practically equal reductions 
of wheel loads (cf. table 6), this does not 
alter the fact that, up to this position, 


TABLE 6. 


Method of supporting 


the Ist | 


locomotive. 


When the 
Lind ss) |e aT 2S ea cee chee eV the ent ney tues 


pair of wheels is on a gradient change of 1 in 100, 


the load of the leading guiding bogie wheel is reduced by 
_ 


% % % % % % 
Ce3 0 15.4 25.95 32.20 33.55 33.85 
Ce2 0 Seo 19.43 28.410 33.50 33.40 
Cs3 0 T.9 18.50 25.35 26.05 26.30 
CEOs ic so) SER a eee ite ee 0 5.0 11.63 20.60 26 00 25.60 
_————— eee 


the differences between the changes in 
pressure of the wheels, differences which 
depend essentially upon the value of C, 
existed for some time and sometimes 
reached very high values. The bogie 
characteristic, therefore, appears very 


suitable for use as an impartial basis of 
comparison when it is a question of ap- 
preciating the properties of the different 
types of bogies. 


As far as the type of bogies themselves, 


considered in Chapter II, and which as 
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we have seen in this Chapter III, can sta- 
tically influence very markedly the re- 
moval of the weight off the wheels which 
in turn depends chiefly on the method of 
supporting the main frame, we may sum 
up as follows : 

A striking fact is that on the steam lo- 
comotives 35.7 % of the bogies have the 
Ce type of support, whereas only 10.7 % 
have the slightly better support Cme, and 
only 21.4 % the still better support Cs. 
The statically ideal support Cv is not 
represented at all. The position is dif- 
ferent in the case of electric locomotives 
on which, in a proportionally greater 
number of cases, the statically superior 
method of supporting the main frame in 
only two transverse planes has been se- 
lected. Actually, among the electric lo- 
comotives with bogies with carrying 
pairs of wheels, 66.6 % have the Cv sup- 
port and 16.7 % each of the Cme and Ce 
supports. Considered from the static 
point of view, the bogies with carrying 
pairs of wheels only, of the locomotives 
mentioned in the replies to the question- 
naire, much better meet the conditions of 
maintaining as far as possible a constant 
load on the guiding wheels. 

With the exception of the Java bogie 
of the Dutch East Indies State Railways, 
the bogies with a pair of carrying wheels 
and a pair of driving wheels are of the 
Krauss-Helmholtz type in which the driv- 
ing pair of wheels is carried in the main 
frame. For the reasons given in Chap- 
ter IV this arrangement is considered to 
be the best. 

The bogies of the tenders mentioned in 
the replies have the Cm’s support in one 
case only; in all the other cases the Ce 
support is used. It should, however, be 
noted that only some of the administra- 
tions have given any information on this 
point. 

In conclusion the following should be 
noted : 


In order to have sufficient static load 
on the guiding wheels, the locomotives 


should be supported in two transverse 
planes and consequently on three or four 
points. 

Not more than four points of support 
should be used on locomotives, unless 
their design makes it necessary. 

If it is necessary to support them on 
five points, this should be done by the 
bogie being carried in a spherical centre 
bearing. 

As immunity against derailment de- 
pends very largely on the bogie, it should 
be designed to take in account the me- 
thod of support of the main frame in two 
or three planes and should provide the 
greatest possible guarantee. against any 
difference in load on the four wheels, or 
at least on the leading pair, when run- 
ning over irregularities in the track or 
over seclions of the track in bad condi- 
tion. 

The question of knowing what designs 
should be used for bogies from the static 
point of view and what is the role of the 
ratio of the strength of the main frame 
bearing springs to that of the bogie 
springs can be easily setiled by means 
of the explanations and diagrams relat- 
ing to the characteristics of the bogie. 


The correct distribution of the load 
is not, however, sufficient by itself. Each 
individual pair of wheels must be able 
to adjust itself to hollows or high places 
in the track, and this result can only be 
obtained if each pair of wheels can des- 
cribe a certain angle round about an 
axis parallel to the longitudinal axis, i. e. 
incline itself in the transverse plane of 
the vehicle. This condition is met if the 
flanges of the axle box guides, parallel 
at the middle only, are chamfered off at 
the top and the bottom, and if in addition 
there is a minimum play %o,-¢ = h, tan ¢ 
(cf. fig. 25), between the box and the 
guide. In this case the guiding allows 
the pairs of wheels to set themselves to 
an inclination equal to the value of the 
chamfer of the guides. If the play be- 
tween the guide and the box is greater 
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Fig. 25. — Possible inclination of axles. 


than the calculated value of x ,, the axle 
can take an increased inclination which 
can be calculated from the formula : 


1 h ; : 
eg + (~ — Nert) 


tan 8 = 7 
n 


in which z is the real play and «x ,,, the 
minimum play required. The meaning 
of the other values is given in figure 25. 
With excessive play the guiding would 
become defective too quickly; in other 
words under the action of the continual 
blows and shocks, the play would soon 
increase to such an extent that it would 
have to be taken up. 

The particulars received as regards the 
details of the steam and electric locomo- 


tives are not sufficient to enable us to 
know, except in rare cases, the arrange- 
ments made in this order of ideas on 
each locomotive. As far as can be as- 
certained from the information or draw- 
ings sent, the play between the axle box 
and guides, at right angles to the longitu- 
dinal centre line of the vehicle, varies 
between 1 and 2 mm, (5/128 and 5/64 
inch), and the chamfers of the guides 
varies between 1 in 60 and 1in 155. The 
German State Railways, in the case of 
their standard locomotives have 1 mm. 
(5/128 inch) play between the box and 
the guides; the flanges of the guides are 
inclined 1 in 60, starting 30 mm. 
(1 13/16 inches) above and below the 
centre line of the guide. 

Table 7 shows, for 1 and 2 mm. (5/128 


and 5/64 inch) play between the box and 
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the guides, the amount an axle can drop 
and how much it can be inclined hori- 
zontally, with the different chamfers of 
the flanges of the guides. The amount 
of drop on one side can be 12.4 to 25 mm. 
(15/32 inch to 63/64 inch), and the axle 


can take an inclination on the horizontal 
plane of 1 in 127.8 to 1 in 60. 

In figure 25, the curves 1-1 correspond 
to the horizontal position, 2-2 to the 
rotation about M, and 3-3 to the drop on 
one side. 


TABLE 7. 


Possible drop of an axle, on one side. 


eo 
| 
i Possible |==aee— | 
drop on one| Possible 
side of axle, inclination Administrations 
Axle box guide with, a of axle and locomotive series 
ae 1500 mm. ie : ae 
inclined : (4 ft. 11 in.) on the to which these conditions 
distance horizontal apply. 
between plane. 
tread circles. 

1:60, « = 1 mm. (5/128 in.) 25 mm. 1: 60 German State 
play and h, = 60 mm. | (63/64 in.) standard locomotives. 
(2 21/64 in.) . Fe cr ON 

1:60, 2 = 2 mm. (5/64 in.) 50 mm. 1: 49.75 German State standard locomo- 
play and h, = 60 mm. | (13/16 in.) tives with (¢ = 2 mm.) play 
(2 21/64 in.) eet ees : in axle boxe guide. 

1:90, = 1 mm. (5/128 in.) | 17.6 mm, 1: 84.7 German State, also former Ba- 
play and h, = 60 mm.| (13/8 in.) den -(State) 4-6-2 locomo- 
(2 21/64 in.) . eb ae ee tive. 

1:90, 2 = 2 mm. (5/64 in.) 19.9 mm. 1: 67.5 German State, also Baden. 4-6-2 
play and h, = 60 mm. | (25/32 in.) locomotive with (x = 2 mm.) 
(2 21/64 in.) Pe ic aaa play in axle box guide. 

1:120, « = 2 mm. (5/64 in.) |20.6 mm. (') NES TAORLE Finnish State. Carrying wheels 
play and h, = 80 mm. | (53/64 in.) of 4-6-0 locomotive, series H 8 
(5 5/32 in.)-. Whe tes and H 9. 

1: 120 x = 1 mm. (5/64 in.) |15.6 mm. (*) 1: 101.3 Finnish State. Carrying wheels 
play and h, = 80 mm. | (39/64 in.) of 4-6-0 locomotive, series H 8 
(3 5/32 in.) . rite be and H9, when « = 1 mm. 

was used. 

1: 155, a = 2 mm. (5/64 in.) |16.8 mm. (1) 1: 94 Finnish State. Driving and 
play and h, = 80 mm. | (43/64 in.) coupled wheels of 4-6-0, se- 
(3 5/32 in.) . Soke ese at ries 8 locomotive. 

1: 155, = 1 mm, (5/128 in.) |12.4 mm. (1)| 1: 227.8 Finnish State. — Driving and 
plays and fh = 80 mm. (1/2 in.) coupled wheels of 4-6-0, se- 
(3 5/52 in.) . ries 8 locomotive, when 7 = 


1 mm, was used. 


fa ee LF rc cs Oe ae CT pe een Oe Ee ee SEE eS ee 
@) With a distance of 1.58 m. (6 ft, 2 13/64 in.) between tread circles, to conform with the 5 -foot 


_ gauge of the Finnish State Railways. 


To sum up the following may be said : 
The possible inclination of the acles 
in the axle box guides must be at least 


sufficiently large jor the axles not to 
stress the frame by torsional stresses 
when the vehicle runs over sections of 
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the track with irregular surfaces. Owing 
to the unavoidable differences in level 
of the track, the axles ought to be able to 
take up an inclination of at least 1 in 60 
fo the horizontal. 

We have shown earlier on the import- 
ance that must be attached from the 
point of view of maintaining the static 
safety of running to a proper relationship 


between the strength of the springs 
between the leading guiding pair of 


wheels, and those in the main frame of 
the locomotive. The springs must also be 
able to damp out and destroy the vertical 
shocks as quickly as possible by internal 
friction. 

As the acceleration of shock becomes 
very great at high speed and in addition 
the work of the shock is proportional to 
the square of the acceleration of the 
shock (Bulletin of the Railway Congress, 
1932, p. 234), a preliminary condition of 
good running of a vehicle at high speed 
is good suspension gear. 

Laminated springs are used almost ex- 
clusively to carry locomotives. This is 
well justified. They have the great ad- 
vantage over other types of springs of 
quickly destroying the work of shock 
by the friction between the different 
plates of the spring, and consequently 
absorb very rapidly the vibrations of the 
locomotive due to outside causes. Re- 
cent investigations by the German State 
Railways have shown that laminated 
springs only take up very well damped 
oscillations, are almost aperiodic, and 


have no tendency to vibrate through re-. 


sonance. 

The softness or the hardness of a 
spring depends upon the « strength » of 
the spring; we have designated it above 
by S: this is the load required to deflect 
the spring one millimetre. A locomotive 
spring on which 6 = 100 can be con- 
sidered as a « soft » spring. 

A soft spring gives steady and pleasant 
running. It is known however that li- 
mits exist with regard to the selection by 
the design and by the position of the 


buffers. The strength of the springs can 
be calculated by means of the formula : 


1 nbhs 


a : ht. 
epee 


N 
0 =— 


in which n, b and A represent the num- 
ber, the width and the thickness of the 
leaves, Othe distance of the load from 
the centre line of the spring, and E the 
modulus of elasticity. It is true that the 
friction between the plates has some 
considerable influence upon the strength 
of the springs. If this friction is too 
great the spring gear becomes harder and 
the springs do not act except under con- 
siderable variations of load. The friction 
can be maintained within certain limits 
by using thick plates, and consequently 
by reducing their number, also by lubri- 
cating the surfaces in contact. 


Let us see what has been done as re- 
gards the question of the spring gear of 
the 30 steam locomotives considered and 
the electric locomotives. 


The spring gear of the steam locomo- 
tive bogies considered is almost always 
harder than that of the driving and 
coupled pairs of wheels. We have 
shown why this is almost always the 
case. As we have seen when considering 
the « support characteristics « of the 
bogie, the ratio of p should be as large as 
possible; consequently the bogie springs 
should be as soft as possible. The tests 
that we have carried out with soft lami- 
nated springs in a single spring gear have 
given unsatisfactory results, in the sense 
that these springs often broke on the sec- 
tions of line in not quite the best order. 
Considered as a whole, the strength of 
the individual springs on the bogies of 
the steam locomotives mentioned in the 
replies lie between 108 and 249 ker. per 
mm. (6048 and 13 944 lb. per inch), and 
those of the springs used with the drop 
equalisers between 125 and 270 ker. per 
mm. (7000 and 15120 Ib. per inch). 

For example the proportional strength 
of the bogie springs with drop equalisers 
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Cs of the standard German locomotives, 
series O1, is 


that of the Cm/’s bogies of the 4+8-2 loco- 
motive of the Madrid-Saragossa-Alicante 
Railways 

2X 133 


= 0.985 
270 


(lowest value of the locomotives men- 
tioned the replies); and those of the 
Ce bogie of the 4-6-2, series 185 locomo- 
tive of the former Bavarian State Rail- 
ways 


ater about 1.0. 

The usual arrangement used under 
passenger carriages consisting of a dou- 
ble suspension formed by the laminated 
springs each with its two helical springs 
is also found on some of the steam loco- 
motive bogies mentioned in the replies; 
such is the case in the Ce bogies of the 
4-6-2, series 24 locomotives of the Dutch 
East Indies State Railways, which have 
a 6. = 70.9 ker. per mm. (3970 Ib. per 
inch) anda 


6 150 
e 


18 


eet BES 
WeGnie ek, 


Pp —- 
(maximum value), as also for the Cm’ 
bogies of the 4-6-0, series 3900 locomo- 
tives and the bogies of the 4-6-4, series 


§100 locomotives of the Netherlands 
Railways, in which ag 
143 
= —— = ].47 
7) 57.2 1.470 
for the 3900 series and 
125 
= —— = ]|,287 
DaLOT 2 


for the 6100 series. The extraordinarily 
good result of high values of p is brought 
out by our detailed explanations and by 
the diagrams. 

The importance of soft springs as af- 


fecting the vehicle and the passengers or 
the staff has long been shown by expe- 
rience. It is a question which has fre- 
quently been dealt with in technical lite- 
rature, in, among other works, Hisen- 
banhtechnik der Gegenwart, Band Loko- 
motiven, 1912). By using Uebelacker’s 
method we have expressed it as a func- 
tion of the change of pressure of the 
guiding wheels and believe we have 
thereby lifted it above any approximate 
or empirical appreciation, 

To sum up, the following may be said 
on the subject of the suspension of bo- 
gies : 

The proportional strength p of the Ce 
bogie springs with single springs above 
each axle box lies between 0.57 and 1.00. 
In one case only of the Ce type of sup- 
port (in locomotive 4-6-2, series 24, of 
the Dutch East Indies State Railways) 
the use of a double suspension made it 
possible to get for p the value of 1.665. 

The proportional strength p of the 
bogie springs Cs with drop equalisers lies 
between 0.985 and 1.665, and that of the 
CI bogies with longitudinal equalisers 
and double suspension, between 1.287 
and 1.470. 

In the case of the driving and coupled 
pairs of wheels, springs with a strength 
of 92.6 to 167 kgr. per mm. (5185 and 
9 356 Ib. per inch) are used; the only 
exception is the Spanish 2-8-2, series 
4500 locomotive, with 6 = 285 ker. per 
mm. (15960 lb. per inch). 

The spring gear of the trailing pair of 
carrying wheels is usually of the same 
hardness as that of the coupled wheels; 
in some cases it is slightly softer, for 
example on the 4-6-2 locomotive of the 
Madrid-Saragossa-Alicante Railways, or 
a little harder, as for example on the 
4-6-2, series 24 locomotive of the Dutch 
East Indies State Railways and on the 
4-6-2, series 3000 locomotive of the 
North of Spain Railways. 

As regards the springing of electric 
locomotives, we have only received few 
particulars. As a rule the springs of 
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the carrying and driving wheels have 
the same strength; in many cases, how- 
ever, the spring gear of the leading car- 
rying wheels is particularly soft by the 
addition of helical or volute springs. 
This double suspension is used, for 
example, on the 2C€2, series 06 locomo- 
tives of the German State Railways for 
the bogie, and on the 1 Dol, series E 16 
and E17 of the German State Railways 
and the Java 1Do1 locomotive for the 
leading pair of carrying wheels of the 
bogie. 

The strength of the tender springs is 
generally very high [as much as 400 kgr. 


per mm. (24400 lb. per inch) ], in order 
that the difference of buffer height be- 
tween the tender under load and the 
tender empty does not become too great. 
As far as can be judged from the inform- 
ation supplied, in the case of the ten- 
ders considered, soft springs [6 = 80 to 
100 kgr. per mm. (4 480 to 5 600 Ib. per 
inch)] are only found on the German 
State Railway tenders; as we have al- 
ready mentioned in Chapter II some of 
these tenders have been fitted with dou- 
ble suspension. 

The dimensions of the laminated bear- 
ing springs are given in table 8 below : 


TABLE 8. 


Thickness 


Width | 


of blades of bearing springs 


from 


| from 


mm. 


650 
(2 ft. 15/8 in.) 


(ft.-in.) (inches) (inches) 
1227 75 127 16 
(4 ft. 5/16 in.) | (2 61/64 in.) (5 in.) (5/16 in.) (5/8 in.) 


1400 80 120 10 16 
(4 ft, 71/8 in.) |(3 35/64 in.) (4 23/32 in.)| (25/64 in.) (5/8 in.) 


1459 90 120 8 16 
(4 ft. 97/16 in.) | (3 35/64 in.) (4 23/32 in.) (5/16 in.) (5/8 in.) 


1200 80 127 10 16 


mm. 


‘Bogie (leading carry- 
| ing wheels) ae 


Driving and coupled 907 
wheels . . . . .| (2 ft. 1145/64 in.) 


700 
(2 ft. 3 35/64 in.) 


650 


Trailing 


carrying 
wheels wee 


‘Tender wheels 


(2 ft. 1 5/8 in.) (3 ft, 11 15/64 in.) | (3 5/32 in.) 


(5 in.) (2 5/64 in.) (5/8 in.) | 


The German State Railways prefer long 
wide springs with 13 to 16 mm. (33/64 
to 5/8 inch) thick blades; the number of 
blades is reduced as much as possible in 
order that the friction is not excessive. 
Other administrations prefer thin blades 
and a larger number. 

With only one exception (the 2-8-2, 
series 4500 locomotive of the North of 
Spain Railways), helical and_ volute 
springs are not used on the locomotives 
mentioned in the replies except for use 


in conjunction with laminated bearing 


springs. 


Helical and volute springs can be de- 
signed to give any desired softness; they 
absorb the shock very well, but are 
liable to set up vibrations which can 
last a considerable time, as with such 
springs the energy of vibration is not 
absorbed by outside work as in the case 
of laminated springs. This is the dis- 
advantage of such springs. They damp 
out shocks very well, and a vehicle 
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fitted with them runs very smoothly, but 
they do not stop vibrations as quickly 
as laminated springs, which is objec- 
tionable for coaches. As supplementary 
suspension for laminated springs; he- 
lical and volute springs are often used, 
as we have already mentioned, on elec- 
tric locomotives, steam locomotives and 
tenders. They appear moreover to have 
justified their use in this connection. 
In every case in which numerical values 
have been given, the strength of the 
laminated springs is greater than that 
of the helical springs. 

The loads on the locomotive bearing 
springs are lower than those usually 
given to the bearing springs of passenger 
carriages. The maximum static load 
given in the replies varies between 45 
and 58 kgr. per mm2 (28.6 and 36.8 
Engl. tons per sq. inch). In the case of 
spring steel the German State Railways 
lay down a tensile strength of 85 ker. 
per mm? (54 Engl. tons per sq. inch), 
with 12 % elongation (on a 200-mm. 
[7 7/8 inches] length), and the other 
administrations a tensile strength of 75 
to 85 kgr. per mm2 (47.6 Engl. tons per 
sq. inch), with 12 to 14 % elongation. 
The hardened steel 
strength of 140 kgr. per mm2 (88.9 Engl. 
tons per sq. inch) (German State Rail- 
ways, Dutch East Indies State Railways 
and Norwegian State Railways), 5 % 
elongation on a 200-mm. (7 7/8 inches) 
length, and a yield point (Streckgrenze) 
of 110 kgr. per mm? (69.8 Engl. tons per 
sq. inch). 

Information relative to particular 
results obtained with the springs or to 
tests carried out in this field have not 
been sent by any administration. 


CHAPTER IV. 


Guiding the vehicles and devices intend- 
ed to make it easier for the vehicles to 
run through curves and turnouts. 


In the preamble to the preceding 
chapter, we have seen that a wheel per- 


should have a— 


manently guaranteed against the load on 
it being reduced can in no case be push- 
ed clear of the track by the guiding 
pressure Y acting transversely to the 
rail, from the inside to the outside, pro- 
vided of course it carries sufficient load 
on it. By using Dr. Uebelacker’s meth- 
od it is possible without much diffi- 
culty to ascertain the changes of pres- 
sure of the- wheels which occurs when 
running over irregularities of the track 
(superelevation inclines), especially those 
of the leading guiding wheel, the most 
important wheel of the whole of the 
wheels. We ourselves have added to 
Dr. Uebelacker’s theory the relations 
which exist between the methods of sup- 
port of the main frame in two or three 
transverse planes and the pressures on 
the guiding wheels of the bogie, accord- 
ing to the type of the latter, taking into 
account the various types of suspension 
of the main frame and of the bogie. We 
are then able to ascertain beforehand 
the static effects which will result from — 
the decision adopted as regards the me- 
thod of support and the lay-out of the 
spring gear. But surface irregularities 
of the track are found not only in tran- 
sitions before and after curves but also 
on the straight at places where there is 
a depression or a high place on one side; 
here again tbese sections must be passed 
over, especially by high-speed locomo- 
tives, without any effect upon the proper 
guiding and safety of running of the 
locomotive. As we have only just begun 
to realise through calculations and tests 
the true dynamic effects of sections of 
line of this kind, it is desirable to use 
the best possible spring gear and method 
of support. Fortunately all the neces- 
sary knowledge as far as purely static 
relations are concerned is now available. 

The question is less simple as regards 
the static guiding pressure Y. This is 
the pressure between the leading guiding 
wheels running on the outer rail and 
this rail transversely from the inside 
face to the outside. Y constitutes with 
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lhe friction at this point the ultimate 
turning effort P. This force directs the 
vehicle and causes it to turn about the 
point which, with Dr. Uebelacker 
(Organ, 1993), we have designated as 
the « friction centre >». The position of 
the friction centre determines the posi- 
tion of the vehicle in the track. The 
turning effort P of the rail and the guid- 
ing pressure Y are connected together 
(cf. Dr. Heumann « Organ >», 1913 and 
1928, « Zum Verhalten von Eisenbahn- 
fahrzeugen in Gleisbogen » (1), by the 
formula P = Y + y Q cos ¢, in which 
P and Y have the above mentioned mean- 
ning, is the coefficient of sliding 
friction of the wheels, Q the vertical 
pressure of the wheel on the rail, and 
& the angle which the direction » Q 
makes with Y (cf. also Verkehrstech- 
nische Woche, 1929). Y determines the 
danger of derailment of the wheel in 
contact. Its value is given by the equa- 
tions of equilibrium between the exter- 
nal forces. It is usual to express the 
value of Y as a multiple of the average 
pressure Q of the wheel. The greater 
the lever arm with which Y is applied, 
the smaller under equal conditions is 
the value of Y. We have shown in 
Chapter I that this lever arm is not iden- 
tical with the guided length but care 
must be taken to make the guided length 
as long as possible, as the said lever arm 
is proportional to it. Constructional 
considerations limit the liberty of 
choice. Other difficulties are due to 
changes in the coefficient of friction u! 
which determines the value of the trans- 
verse sliding friction of the wheels in 
movement. In the Organ fiir die Fort- 
schritte Des Eisenbahnwesens, No. 19 of 
1930, there is an article on the value 
of y’, determined by tests, for wheels 
other than driving and coupled wheels. 
For greater safety when calculating the 
value of Y, the most unfavourable values 


(1) « The behaviour of railway vehicles on 
curves. > 


that can occur under the expected 
striking angle and the conditions of 
friction should be used. Fortunately the 
tests carried out to date on models, in 
order to determine the values y! of the 
driving wheels, make it possible to see 
that these values are smaller than the 
values p/ of the carrying wheels. The 
reflection that part of the friction due 
to adhesion is already absorbed by the 
peripheral force supports this result. 

The principal difficulty consisted 
from the begining in knowing exactly 
the suitable load to prevent the guiding 
wheel from climbing up the side of the 
rail, i. e. determining numerically in 
units of Q (average weight of the wheel) 
the value of Y which, if exceeded, would 
result in unstable equilibrium, and con- 
sequently involve risk of derailment. 
The lengthy heading of this statement 
could have taken the very concise form 
Y: Q = ? if this method of expression 
was generally known and _ sufficiently 
intelligible, as it is this which is in 
question. All we have contributed to 
this study in the ultimate analysis has 
only been done with the object of clear- 
ing up the question of the steps neces- 
sary to keep the ratio Y: Q below a 
certain limiting value, so as to safeguard 
the safety at high speeds. 

The value of Y: Q is generally con- 
sidered as the criterion of the safety 
against derailment. Some, and they are 
many, consider that the distance of the 
turning effort to the friction centre, 
called by Jahn the polar length (Jahn : 
« Der Lauf von Eisenbahnfahrzeugen 
durch Gleiskrummungen » (1), Berlin 
1927) should also be taken into consider- 
ation. This opinion appears justified 
as it amounts to taking into account 
the distribution of the masses in the 
vehicle, and consequently the action of 
the masses which we will briefly con- 
sider at the end of this chapter. If we 


(1) « The passage of railway vehicles through 
curves. > £ 
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understand that in this Y is included 
the guiding pressure of the masses 
nothing opposes to this criterion being 
maintained, and this we have done. 

For many years, railway engineers of 
all countries have been occupied with 
this question. To the best of our knowl- 
edge they have all developed the fun- 
damental equation : 


tana —p 
1+ ptana 


in which Y is the static guiding pressure, 
a the angle of inclination of the side of 
the wheel flange, » the friction angle (tan 

) and y the coefficient of friction. 
For an inclination of g = 60°11’ 51”, we 
get Y: Q = 5.7. We will suppose for 
the moment that Y has a given value, 
i. e. the value calculated for the condi- 
tions of equilibrium of the external 
forces, applied to the vehicle and its 
wheels, during continuous movement 
through a curve of given conditions. 
We will show later on what must be 
done to reduce Y to a minimum. 


Sra —o) = 
ae Sat eee 


; ic, mate 
In the equation of equilibrium = = tan 


( a@-—o), mentioned above, the striking 


angle , i. e. the angle which the guiding 


wheel makes with the guiding rail, is not 
mentioned. ‘There has always been this 
missing quantity in this formula. Like 
Marié in his treatise « Theory of derail- 
ments, profile of tyres, « everyone was 
satisfied with establishing numerical 
tables of Y : Q for different q and y and 
to deduce therefrom conclusions con- 
cerning the angles of slope of the flange. 
If other considerations were not taken 
into account the angle of inclination g = 
90° would be that which would best as- 
sure immunity against the guiding wheel 
climbing. Nobody uses it, because it 
would result in excessive wear of the 
wheels and of the sides of the rails. 
Investigations made by the German Rail- 
way Association which had as their ob- 
ject the profile of the tyres from the 
double point of view of freedom from 
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derailment and wear, have succeeded, in 
taking into account the striking angle in 
the equation of equilibrium. When a 
wheel making contact with the rail is in 
a position to climb the rail there is in 
this case contact at a single point, al- 
though two-point contact between the 
tyre and the rail may have occurred a 
little before. According to Dr. Wagner, 
the safety against derailment will still 


exist if 
oe nal its 1+5 


U. “a + cotan a cotan « 


In this equation : 


h is the height of the point of pressure 
of the flange below the top of the rail, 

I is the overlap of the flange i. e. the 
length of the projection on the longitu- 
dinal direction of the rail of the distance 
from the point of pressure of the flange 
to the point of support of the wheel (h 
and 2 depend therefore on the value of 
the striking angle 7), 

is the coefficient of friction, and 

a the angle of side inclination of the 
flange. 

With the angle of side melmatiga we 
60° 11’ 51” used by the German Railway 
Association, the point of pressure of the 
flange is situated at 9 mm. (23/64 inch) 
in round numbers below the rail for all 
diameters of wheels in use, from 850 mm. 
(2 S629 1/221n) = upto: 2:1008m 4 (6 ft: 
10 43/64 in.), and between striking an- 
gles of ¢ = 0° to 2° which are found in 
practice. This is the result obtained 
from the graphical investigations and 
calculations we have made. According 
to these investigations, the value of the 
overlap J of the flange can be calculated 
for new wheels by means of the formula : 


l=(r-+h) tang tans 


in which 
r is the radius of the tread circle of the 
wheel; 

g the striking angle, and 
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hand q« have the meanings given above 
(cf. also Boedecker, « Die Wirkungen 
zwischen Rad und Schiene (1), page 36, 
formula 22]. 

When q = 60°11’ 51”, we get h = 9.3 
mm. (49/128 inch) in round numbers 
9mm. (3/8 inch). Every other angle of 


3. 3/8 in.) and = 0.16, we get:'2 = 
(1000 + 9) tan 60° 11’ 51” tan 1° = 30.7 
mm. (1 7/32 inches) and 


ska 


= a0} 4223 
Q ag 16+ cotan 60°1 0.16-+ cotan 60°15] 


inclination gives another value of h. The Z 
values of I calculated by means of this Table 9 below and the graphical repre- - 
formula agree very closely with those sentation (fig. 26) give the relations in . 
obtained by the much more laborious question for wheels of 2 m., 1.5 m. and © 
method based on calculation alone, which 1m. (6 ft. 6 3/4 in., 4 ft. 11 in., and 3 ft. : 
Professor Jahn has given in the Zeitung 3 3/8 in.) diameter of the tread with an 
des Vereins Deutscher Eisenbahnverwal- angle of inclination ¢ = 60°11751”. We 
tungen, 1917, page 427. For example, if have made the same investigations for 
< = 1°, « = 60°11’51”, r= 1m. (3 ft. other angles of inclination. 
TABLE 9, 
Didweotes | Striking Overlap Coefficient 
Gi thentiaeitcls. angle. _ of wheel of friction | Y:0 ? 
mm. (ft.-in.) | 1 oes bao : 
(in inches}. M 
2 000 (6 ft. 6 3/4 in.) 0° 15’ 7 (0.303) 0.15 2.13 
- 0° 30° 15.4 (0.606) 0.195 eee 33 
=f: a 50.7 (1.208) | 0.21 1.33 
- 10 30” 46.1 (1.814) 0.21 1.30 
20 61.5 (2.421) 0.21 © 12° 
1500 (4 ft, 11 in.) Qo 15’ 5.8 (0.228) | 0.15 2.56 
= 0° 30” 11.6 (0.456) | 0,195 1.65 
= Jo 23.1 (0.909): 0.21 1.37 
— 1° 30° 34.7 (1.366) 0.21 1.32 
—~ Sot aise 46.3 (1.822) 0.21 1.30 
1000 (3 ft, 3 3/8-in.) O° 15” 3.9 (0.153) Hab 3.50 
* 0° 30 © 7.8 (0.306) 0.195 1.99 
a 20 15.5 (0.610) |! 0.21 1.48 
2 1° 30’ 23.3 (0.917) 0.21 OAS. Sieg, 
Eth Qo 31.0 (1.220) 0.21, oe haa a lboaes 


We see that safety against derailment 
is very great when the striking angle is 
small, As the striking angle increases this 


(1) The interaction between wheels and rails. 


degree of safety falls off rapidly at first, 
but then decreases very little in the re- 
gion of quite large striking angles and ane 


proaches Mien oe ae the value - 


pf cotan a 


Cg = 2°; we would get for example: 

Diameter of the wheel 

in mm.-(in ft ‘and siit.)..0.0 Gs) 3X Q 
2000. (6Ntt26 3/40in.) i eat el228 
OO aCt Eitan 1. nvaeetteine tests, ssl 230. 
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0 o%s' o'30’ =? 4930'S 28 
Antau{winkel 


Fig. 26. — Safety coefficient — as a function 
Q 
of the striking angle. 


Note: Anlaufwinkel = Striking angle. 


For » we have selected the average of_ 


the values of Labrijn indicated in the 
Organ, 1931, page 391. The table of the 
values Y: Q and the diagrams would 
ge other values with np = 0.25 for 


(1000 (3 ft.33/8in.). . . . 1.266 


The limiting value of the ratio Y: Q 
depends upon the diameter of the tread 
circle, the striking angle of the guiding 
wheel, the coefficient of friction y. and 
the angle of inclination of the. side face 
of the flange. -A large diameter of. the 
wheel, a large striking angle, large coef- 
ficients of friction diminish the safety 
against derailment; on the other hand, a 


ye i 
=) 5 
Pte t 


large angle of inclination of the flange 
incrases immunity against derailment. 

Flange angles exceeding about 60° are 
nevertheless used by few railway admin- 
istrations. This is due first of all, as 
we have already pointed out, to the fact 
that tyres with greater flange angles re- 
sult in the rail and tyre wearing more 
quickly and also set up greater resis- 
tances when running through curves. 
According to Dr. Ing. Baseler, the resis- 
tance due to curves increases by 140 % 
when a flange angle g = 75° instead of 
a = 60° is used (Zeitung des Vereins 
Deutscher Eisenbahnverwaltungen, 1929, 
page 372: « Das Geheimniss der freien 
Lenkachse ») (1). The flange angle has 
therefore importance’ economically, so 
that it is necessary to find out how to 
conciliate in a satisfactory manner the 
two diametrically opposed ‘conditions 
governing the angle q«, i. e. sufficient 
safety against derailment and reasonable 
wear. 


The tyre profiles designed or used by 
the administrations covered by the pre- 
sent report are reproduced in figure 27. 
We have calculated the inclination of the 
side face of the flange for the different 
profiles and have given the results in 
table 10. 


Investigations made by: the Hungarian 
Railways under the Divisional Engineer, 
Mr. Ronai, and on the German State Rail- 
ways by Dr.-Ing. R. P: Wagner, in con- 
nection with this question, for the Ger- 
man Railway Association, have shown 
that with a suitably designed profile of 
the tyre, and especially of the radius 
between the tread and the flange, the 
angle of the flange can, contrarily to 
what has been deduced Mase from 


zs x 
the equation — = tan ve a—9 ), be made 


less than 60° and eoingedtlepitiy wear can 
be reduced without, as Mr. Rénai ‘and 


Dr. Wagner have . shown, x the Safety 


# (1) The secret of the freq radial ale, i Hf 
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On the 


Administrations members of the Ger- 
man Railway Association . 


German State Railway Co. 


German State Railway Co. 


German State Railway Co. 


Dutch Indies State Railways 


Finnish State Railways . : 
Madrid-Saragossa-Alicante Railways . 
Do. 


TABLE 10. 
has an angle 
the : 5 . 
of inclination of 
Full wheel flange. 60° 11’ 51” 
Wheel flange | 60° 42’ 53” 
with 5 mm. (25/128 inch) | 
ground off. | 
Wheel flange 59° 18’ 0” 
with 10 mm. (25/64 inch) 
ground off, 
Wheel flange 60° 29” 23” 
with 15 mm. (19/52 inch) 
ground off, 
Full wheel flange 60° 4’ 17” 
for locomotives and coaches. ; 
Full wheel flange. 64° 2’ 13” 
Full wheel flange. 72° 16’ 32” 
Thinned down wheel flange. 75° 44’ 24” 
Full wheel flange for 60% 6 ais 


North of Spain Railways 


locomotives. 


against derailment becoming less than 
when g = 60°. The reason for this is 
that if the lateral force Y corresponding 
to the flange angle becomes greater, on 
the other hand the overlapping portion 
of the flange becomes smaller. From the 
purely static point of view, when using 
a tyre profile desiyned on the principle 
of single point contact and with a flange 
angle of 54°, the investigators consider 
that P: Q = 1 would still give sufficient 
security against derailment so much the 
more as, for the usual maximum speeds 
and the usual height of the centre of 
gravity of the locomotives, as with the 
usual superelevations of the outer rails 
on curves, it can be shown that to strik- 
ing pressures Y which would mean the 
turning over of the vehicle, correspond 
the values: Y : Q much smaller than 1. 
Tests on wheels of this kind are in hand. 

Consequently the builder should design 
the details of the running gear of the 
vehicle in such a way that the guiding 


pressure and the pressure on the guiding 
wheel should between themselves have a 
ratio such that the downwards slip of 
the guiding wheel on the side face of the 
flange should be made certain. With the 
flange angle of g = 60° approximately, 
this condition is still assured, as we men- 
tronedvaboves if Y =O. so ver it is true 
that the striking angle has not been taken 
into account. This case occurs with a 
flange angle of 54° if,¥ :Q)= 1: _ 

For more than thirty years it has been 
known that high-speed locomotives are 
more definitely guided by bogies with 
two pairs of carrying wheels, with the 
centres given side play, placed between 
the pairs of wheels, and with transverse 
spring gear. The reasons therefore have 
been explained on many occasions (cf. 
for example, Eisenbahntechnik der Ge- 
genwart, Vol. 1: Steam locomotives, 1912. 
First part : « Running on straight align- 
ments and on curves >»). We know that 
this is due to the relatively small mass of 
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German Railway Association. German State Railways. 
Full wheel flange. Flange thinned down 5 mm. Flange thinned down 10 mm. Flange thinned down 15 mm. 
(25/128 inch). (25/64 inch). (19/32 inch). 


10 15 10 12 10 15 3 1017 


Dutch Indies State Railways. Netherlands Railways. 
Full wheel flange Full wheel flange Profile B. Profile C. 
for locomotives. for carriages. 
30273 1 H4464 302734 H 44 4 
: | 9515 % 10 1995 15 147 


Finnish State Railways. Madrid: Saragossa-Alicante Railways. 


Full flange. Thinned down flange. Full flange. ‘Fhinned down flange. 
BS 427 42 


North of Spain Railways. 


Full wheel flange 
for locomotives. 


Si 2265-1) 


Fig. 27. — Tyre profiles. 
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the bogie and its ability to absorb elasti- 
cally the inevitable transverse shocks set 
up by irregular changes of direction on 
straight alignments and on _ curves. 
Dr. Uebelacker (cf. Organ, 1930, p. 272) 
points out that the principal object of the 
centring springs is not to restore the 
bogie to the central position but to give 
elastic guiding. When the guiding wheel 
comes into contact with the side face of 
the rail at an angle, the wheel tends to 
change its direction. Nothing is more 
suitable for building up the force requir- 
ed to generate the work contained in 
the deflected vehicle than the centring 
springs. The limited mass of the bogie 
facilitates this processus taking place 
readily. The main mass of the locomo- 
tive, if we may be permitted to make 
this comparison, only receives a dis- 
tant echo, more or less strong, of all 
the transverse shocks which may upset 
good running. The oscillograms rela- 
tive to transverse movements of these 
carrying pairs of wheels show the extra- 
ordinary facility with which the more 


or less serious sinuous movements are 


set up by changes of direction or of 
level of the rails. From the most recent 
tests carried out by the German State 
Railways, changes of gauge of one or 
two millimetres are sufficient to set up 
these sinuous movements, even on cur- 
ves. The graphs relative to the striking 
pressures generally have the form of a 
saw, at least this is so with the curves 
that we had in front of us when draw- 


ing up this report. This fact is cer-. 


tainly due to a large extent to the elastic 
flexibility of the rail and of the vehicle 
in the transverse direction, but also to 
a considerable extent, to the very feeble 
resistances opposing the transverse mo- 
vements caused by small changes of di- 
rection which we have calculated to be 
quite a small number of minutes of arc. 
As regards the coefficients of friction 
of the transverse sliding movement of 
the running wheels, we have estimated 
these as equal in this region of small 


angles to those of the rolling movement 
(cf. Organ, 1931, No. 19). The effect of 
movements so damped out and the ques- 
tion of knowing if they degenerate into 
hunting properly speaking depend upon 
the state of the following sections of 
track. All these movements are con- 
trolled, moderated, and damped out by 
the centring springs. 

The bogies consisting of one pair of 
carrying wheels and one pair of driving 
wheels are only found, on the steam 
locomotives dealt with in this report, 
on the 2-8-2 ténder locomotive, series 
19°, of the German State Railways; on 
the other hand, they are much more 
numerous on electric locomotives, for 
the reasons given in Chapter I. As re- 
gsards running through curves, and guid- 
ing, it is not a matter of indifference if 
the driving pair of wheels is mounted 
with the pair of carrying wheels in front 
of it in a common frame, as in the case 
of the Java bogie, or if it is placed, as 
on the Krauss-Helmholtz bogie, on the 
main frame of the locomotive and cannot 
then move except transversely. In the 
same way, it matters whether the centre 
is located between the two axles of the 
bogie or behind the coupled axle. 

We have explained in sufficient detail 
in Chapter II, when speaking of the E17 
locomotive, how the Krauss-Helmholtz 
type of bogie runs through curves. It is 
nonetheless useful to add a few words, 
as one of the most recent works on elec- 
tric locomotives for main lines says in 
this connection that <« a deviation of the 
leading carrying pair of wheels towards 
one side causes geometrically a_pa- 
rallel and simultaneous displacement of 
the driving pair of wheels. towards the 
other side >. A statement of this kind 
does not satisfy the actual facts. As 
early as 1906 (cf. Zeitschrift des Vereins 
deutscher Ingenieure, 1906, page 1553), 
when explaining a similar fact, Helm- 
holtz himself pointed out how much 
expressions of this kind on the action of 
forces on the moment of running onto 
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the curve give rise to incorrect ideas, 
ending in the conclusion that the Krauss- 
Helmholtz bogie is much less satisfac- 
tory than the bogie consisting of two 
pairs of carrying wheels. They produce 
the impression, wrote Helmholtz, that 
the principal factors are the carrying 
pairs of wheels and the centre, and that 
the coupled pair of wheels should 
behave as required by the pair of carry- 
ing wheels, or in other terms that the 
coupled pair of wheels is suddenly 
thrown over to one side at the moment 
of entering the curve. Cause and effect 
are confounded. The only decisive 
factors are the two pairs of wheels and 
it is the centre which has to obey. There 
is not therefore —- we ourselves add — 
any difference in principle as compar- 
ed with guiding by a bogie with two 
pairs of carrying wheels with its two 
outside wheels bearing against the 
directing rail. This is moreover the 
explanation why this bogie gives equal 
satisfaction under steam locomotives and 
electric locomotives, after having been 
fitted with transverse spring gear of the 
usual type (two laminated springs 
placed one behind the other). 


It is necessary to be fully conversant 
with these details when it is a question 
of judging between the types of bogies. 
In the Kleinow type of the Krauss-Helm- 
holz bogie (cf. locomotive E., 17, Chap- 
ter II), transverse movement of the frame 
can easily take place, even when the 
pair of driving wheels is braked, be- 
cause it is not necessary here to over- 
come any transverse friction between 
_ the slide and the axle box guide. Con- 

~ sequently the horns which gripe the 
driving axle box as between shears can 
be built relatively light. 


We have already, in Chapter II dis- 
cussed the Java bogie, of the Buchli 
type. The description of the 1 Do 1 loco- 
motives led us quite naturally to point 
out the differences between the Krauss- 
Helmholtz and the Java types. 

It may be’ asked why the results ob- 


tained with the Java bogie, by the two 
railways mentioned, did not in any way 
agree. A reply must be given to this 
question as it affects the guiding in its 
most essential point. The following is 
our opinion on this matter : 


With the Krauss-Helmholtz bogie the 
two outside wheels of the carrying pair 
and the coupled. pair undoubtedly come 
into contact with the outer line of rails 
at certain angles. The guiding effort of 
the centre is transmitted, as in the case 
of the bogie with four pairs of carrying 
wheels, through the centring springs. 
There is no unsprung connection with 
the main frame of the locomotive. The 
position is quite different in the case 
of the Java bogie. The coupled pair of 
wheels is mounted on the bogie frame. 
The point of support for the change of 
direction is situated behind the pair of 
driving wheels in the main frame. All 
the irregularities of the track, both in 
height and direction, act directly upon 
the body of the locomotive (E 16) with 
its electric equipment, owing to the 
rigid centre fitted on the main frame. 
The intermediate elastic detail which 
is provided on the Krauss-Helmholtz 
bogie is missing. To this must be added 
that the resultant of the tractive effort 
of the coupled pair of wheels of the 
bogie and of the resistance the main 
mass of the locomotive opposes against 
the leading bogie endeavouring to ad- 
vance, tends to increase on a curve the 
striking angle of the leading guiding 
pair. of wheels, To this tendency to 
derailment the coupled pair of wheels 
can only offer little resistance at the 
moment that this resultant force is set 
up, i. e. by slight wedging and a striking 
angle that, is still ea ie because. the 
coefficients of friction still have only 
a low value. 


Consequently the Java pit easily 
finds itself, when. its leading guiding 
pair of wheels. makes contact, in an un- 
stable state of equilibrium. .The ten- 
dency to increase the striking angle of 


re 
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the guiding wheel is, moreover, inde- 
pendent of the position of the centre, 
which may be behind, or between the 
axles of the bogie, when the coupled pair 
of wheels end the carrying pair of 
wheels are mounted in a common frame. 
Consequently the reflexions given above 
would also be applicable, for example, 
to the Java type of bogie. 


If, therefore, the Dutch East Indies 
State Railways and also, as we learnt 
when closing this report, the Swiss Fed- 
eral Railways are very satisfied with 
their Buchli bogies, this is undoubtedly 
due to the fact that they have been able 
to remedy the features that we have just 
pointed out, either by a guided length 
which is considerable relatively to the 
rigid wheel base, or by strong centring 
springs acting on the great lever arm 
placed above the carrying pair of 
wheels. 

If we now compare the two 1 Do 1 loco- 
motives, we find that the guided length 
of the Dutch East Indies State locomotive 
is equal to 2.99 times its rigid wheel base 
and that the guided length of the E 16 lo- 
comotive of the German State Railways 
is only 1.9 times its rigid wheel base. 
These are very important differences 
in favour of the Dutch Indies Railways’ 
locomotive. It appears, moreover, that 
the Java bogie of the German 1 Dol, 
series E 16 locomotive also gave less 
satisfaction than the Krauss-Helmholtz 
bogie, because the centring device which 
had been fitted slightly behind the trans- 
verse centre line of the bogie was much 
less able to overcome hunting movements 
than the pair of Jaminated springs fitted 
on the 1Do1 locomotive of the Dutch 
East Indies State Railways above the 
leading carrying pair of wheels of the 
bogie. 

Individual pairs of wheels have not 
been used except in quite isolated cases 
as guiding pairs of wheels on high-speed 
locomotives; naturally these are pairs 
of wheels of the Bissel or Adams type 


\ 


which can readily run through curves; 
we find them more frequently on the 
electric lomotives considered in this 
report. We have broadly sketched in 
Chapter I what we think of the aptitude 
of these pairs of wheels to guide vehicles 
at high speeds. As they are not fitted 
with centring springs of sufficient force, 
these pairs of wheels do not guide at 
all; the carrying pairs of wheels fitted 
with centring device are not suitable 
for vehicles intended to run at high 
speeds except in rare cases. Experience 
confirms this remark. The German 
State Railways’ Central Designs Office 
has reported unfavourably on the run- 
ning of the 1 Bo-Bo1, series E 18 loco- 
motive fitted with a pony truck. The 
Swiss Federal Railways have found that 
in the case of their 2Do1 locomotives, 
which are guided in one direction by 
pony trucks and in the other by Java 
type bogies, that, when guided by the 
bogie, the vehicle runs much more stea- 
dily than when the pony truck guides, 
and at the same time the wear of the 
flanges is much less. 


After what has been said above on the 
value of Y : Q, we now clearly see how 
necessary it is to give the greatest pos- 
sible length to the lever arm of the 
guiding force of the centre, which has 
to assure the rotation of the vehicle 
about its centre. The distribution of 
the guiding between the bogie and a 
leading coupled pair of wheels rigidly 
mounted in the frame is incompatible 
with this desideratum. We have, more- - 
over, mentioned in Chapter I that the 
accidental participation in the guiding 
of the coupled wheels rigidly carried in 
the frame is unavoidable. 

The transverse play of the coupled 
wheels fitted in the rigid wheel base — 
an arrangement which Helmholtz show- 
ed the usefulness of by calculation 
(Zeitschrift des Vereins deutscher Inge- 


_nieure, 1888) and Gélsdorf by the prac- 


tical test carried out about 1900 — is 
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the second method of reducing the turn- 
ing force and consequently the guiding 
pressure Y. We know that the trans- 
verse play should be sufficiently great 
so that when the vehicle is running 
through a curve the pairs of wheels 
exercice no transverse pressure on the 
main frame of the locomotive, i. e. that 
each individual pair of wheels should 
be guided directly by the outer rail. 
The guiding pressure has therefore noth- 
ing to do except deal with the side 
forces, the direction of which depends 
upon the rail, produced by the forces of 
friction which exist at the points of sup- 
port of the wheel. Undoubtedly the 
thinning of the flanges or the suppres- 
sion of the flanges a method used in 
very rare cases — cannot in any way 
contribute to reducing the guiding press- 
ure. Among the electric locomotives 
with individual axle drive, mentioned in 
the replies, there are a great number in 
which the coupled pairs of wheels have 
only side play. 

Among other external forces, the 
action due under certain conditions to 
the coupling between the locomotive and 
the tender exercises an influence on the 
guiding pressure at the leading guiding 
wheel of the locomotive. On the Ger- 
man State Railways the locomotive and 
the tender of the standard type are con- 
nected by a rigid coupling which 
absorbs the tractive and rebound effort 
of the locomotive. Auxiliary couplings 
are provided to come into action in the 
event of the main coupling breaking. 
The form of coupling used by the Danish 
State Railways and on part of the vehi- 
cles of the North of Spain Railways are 
alike, except that the auxiliary rigid 
couplings have been replaced by safety 
chains, Contrary to our expectations, 
we have still found couplings of the car- 
riage and wagon type on a small number 
of engines. 
way help to damp out the rebound mo- 
vement. Generally small buffers are 


These couplings can in no 


fitted on both sides of these main cou- 
plings and serve to damp out hunting 
movements. These buffers bear with 
slightly curved heads against the buffer 
plates fitted on the back buffer beam of 
the locomotive, or they have wedge 
shaped heads (German State Railways, 
Finland, Holland), which bear against 
inclined guides, and offer considerable 
opposition to hunting movements, but on 
the other hand, as Dr.-Ing. Heumann has 
shown in the Organ, 1918, increase the 
guiding pressure to an _ appreciable 
extent. The Danish State Railways and 
the North of Spain Railways use, on 
part of their rolling stock, buffers the 
centres through which cross on the 
main draw gear. The Norwegian 4-6-0 
locomotive, which is coupled to the 
tender in the usual manner by a rigid 
drawbar and two safety couplings. has 
no spring buffer between the locomo- 
tive and the tender. The tension is got 
by means of a plate tapered off to each 
end bearing against a flat plate; the back 
of the double wedge is on the transverse 
axis of the vehicle and is fixed against 
the flat buffer plate. Adjusting devices 
prevent the setting up of longitudinal 
play. The 2-8-2, series 4500 locomotive 
of the North of Spain Railways has a 
similar centre coupling acting along the 
longitudinal centre line of the vehicle: 
the drawings do not show if it is fitted 
with springs or not. Little information 
has been supplied upon the individual 
tension of the springs of buffers between 
engine and tender; it is 1 800 to 2 000 ker. 
(3 960 to 4400 Ib.) for buffers bearing 
against flat buffing plates, and 8 000 to 
18 000 kgr. (17600 to 39600 lb.) in the 
case of buffers in the form of wedges. 
For the standard locomotives of the Ger- 
man State Railways, very strong buffer 
springs are used on the tenders (on the 
tenders 4T 32, for example, the final 
tension is 21000 kgr. [46 200 Ib.]), in 
order to make absolutely certain that the 
mass of the tender will damp. out the 
rebound. The buffers are connected 
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together by equalisers with the very im- 
portant object of assuring equal press- 
ure on the buffers when running through 
curves. 

On electric locomotives, neither re- 
bound nor rolling movements are exper- 
ienced. Nonetheless it is necessary to 
study carefully the connection of the 
motor bogies of electric locomotives 
with one another and with the body, 
from the point of view of its reactions 
on the guiding pressure. The informa- 
tion taken from the replies or collected 
in other ways makes it possible to say 
the following on this subject : the body 
of the 1 Bo-Bo1, series E 18 locomotive 
of the German State Railways is not 
subjected to any traction effort; the two 
motor bogies are joined together by a 
connecting bar, but are not in any other 
way held together. The motor bogies 
of the 1 Co-Co 1, series 7100 locomotive 
of the North of Spain Railways are not 
connected together nor held against one 
another, while the motor bogies of the 
Co-Co locomotive series 7000 of the 
same company are held together by 
means of guides in the form of wedges, 
and those of the 2 Co-Co2 locomotive, 
series 7200, are connected by a draw 
bar with springs and protected against 
-the effects of hunting by a coupling bar 
fitted with springs, arranged at an angle 
to the longitudinal centre line of the 
locomotive. 

The greater the ratio of the guided 
length (cf, Chapter I) to the rigid wheel 


base, the smaller, as a rule, is the force ~ 


turning the main frame and the smaller 
as a whole is the necessary effort at the 
leading end for guiding. Jt is desirable 
therefore that the guided length selected 
should be proportionally as long as pos- 
sible. To give some idea with figures 
of the values of the directing force and 
of the guiding pressure, when the guided 
length varies, we have studied, using 
the method indicated by Heumann (Or- 
, gan 1913 and 1928), the guiding condi- 


tions of the 4-6-0, series 171-12 locomo- 
tive of the German State Railways. 

We first of all decided for this loco- 
motive on a guided length of 8 m. (26 ft. 
3 in.), the centre of friction, i.e. the 
common centre of rotation for all the 
frictional forces between the wheels 
and the rails, in the case in which the 
main frame of the locomotive freely ad- 
vances and in which consequently the 
driving and coupled wheels do not come 
into contact with the outer rail nor the 
inside rail on a curve. Thereafter. we 
have ascertained the guiding pressures 
corresponding to the leading wheel of 
the bogie, when the main frame makes 
contact with the outer rail and the inner 
rail on curves of different radii. The 
greatest guiding pressure occurs when 
running free and is equal ta 2.386, Q 
( » being the coefficient of friction and 
Q the average pressure of the driving 
wheels) in the case with which we are 
dealing, with 23 mm. (29/32 inch) 
lateral play between the pair of wheels 
and the track and on curves of 303 to 
350 m. (15.015 to 17 1/2 chains) radius. 
On greater curves the first rigid pair of 
wheels takes its part in the, guiding; if 
the radius is 1510 m. (75.5 chains), the 
guiding pressure on the guiding wheel 
of the bogie falls to 1.823, Q. In curves 
of small radius the fifth pair of wheels 
comes in contact with the inside rail, 
and here again the guiding pressure of 
the leading wheel again falls slightly 
although in an insignificant proportion. 


Now to show the influence of a great- 
er or smaller guided length, the bogie 
centre has been moved 1 m. (3 ft. 3 3/8 
in.) forward under the hypothesis that 
on moving the boiler it is possible to 
obtain the same axle loads as before. 
In this way the guided length has been 
increased to 8 + 1 = 9m. (29 ft. 6 3/8 
in.). With the same object again the 
guided length has: been reduced to 
7.40 m. (24 ft. 3 23/64 in.) by bringing 
back the centre as far as the design 
would allow. The investigations carried 
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out either on the drawing board or by 
calculation gave the following results : 

Thanks to a long guided length it is 
possible for the locomotive to run freely, 
i. e. not to be guided except by the 
centre on curves of a relatively large 
radius varying between wide limits. 
Whereas with a guided length of 7.40 m. 
(24 ft. 3 23/64 in.) free running is only 
possible on curves of between 252 and 
254.5 m. (12.6 and 12.775 chains) radius, 
the limits of the radii of curves increase 
from 303 -to 350 m. (15.015 to 17 1/2 
chains) for a guided length of 8 m. 
(26 ft. 3 in.), 413 to 567 m. (20.65 to 28.35 
chains) for that of 9 m. (29 ft. 6 3/8 in.), 


and 585 to 904 m, (29.25 to 45.2 chains) 
for that of 10 m. (32 ft. 9 3/4). 

The turning effort P, of the centre 
and the guiding pressure Y have smaller 
maximum values when the guided 
length is considerable; consequently the 
safety against derailment increases. 
Table 11 below shows to what extent the 
maximum values of the turning effort 
and the guiding pressure vary when the 
guided length is increased or reduced. 
It also shows the improvement or the 
lowering of the values P, and Y rela- 
tively to those of the guided length of 
8 m. actually existing. 


TABLE 11. 
Pu Ve 
uQ » Q 
For a guided length of 
ong aioe -+ grows worse -++ grows worse 
becomes — improves becomes — improves 
“lo lo 
7:40 m. (24 ft. 3 23/64 in.) 2.125 + 9.5 2.462 + 5.18 
8.00 m. (26 ft. 3 in./ 1.94 0 2.386 0 
| 9.00 m. (29 ft. 6 3/8 in.) 1.682 13.3 - 2.224 a2 618 
— 29.4 2.152 — 9.8 


40.00 m. (32 ft. 9 3/4 in.) 1.47 


Table 11 only shows the amount the 
maximum values P,; and Y correspond- 
ing to the free running of the main 
frame are made worse or better. The 
curves of figure 28 show how the turn- 
ing efforts and the guiding pressures 
vary, for given curves, with the guided 
lengths of different values, It is surpris- 
ing to see that in the case of curves of 
large radii, the turning effort and guid- 
ing forces are in reality slightly higher 
for locomotives with long guided lengths 


than’ for locomotives with short guided 


lengths. The differences are however 
of little importance. In- our example the 
avantage of ‘the long guided lengths is 


only obvious in the case of curves of less 
than 500 m. (25 chains) radius. Here 
the turning efforts and guiding efforts 
of the locomotive exceed the value for 
the locomotive with long guided length 
and reach, by increasing rapidly, the 
maximum values quoted in table 11. 
Between the guiding bogie with lateral 
play and the centre to which the turning 
effort is transmitted, an intermediate 
part must be placed. This part is the 


centring device. According to the man- — 


ner in which the centring force acts, 
there are centring devices with springs 
and centring devices without. The two 
kinds are represented on the locomotives 
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Fig. 28. — Influence of the guided length on 
the centring effort Pd, turning force (P) and 
guiding effort on a 4-6-0 locomotive. 


mentioned in the replies. We will con- 
sider first of all the arrangements with 
springs. 

We have already explained, when 
speaking of the running gear at the lead- 
ing end, how important it was that the 
inevitable transverse shocks should be 
absorbed elastically, and that every 
method should be employed to guide the 
vehicle elastically. We will recall that 
the expression « centring device » only 
represents part of the work to be done 
by such fittings. Laminated springs 


are better for this purpose than helical 


springs. This superiority lies in the 
ability of laminated springs to damp out 
more quickly all vibrations and all 
shocks. Certain part of the pressure of 
the guiding wheel flange corresponds 
with the centring force. For this reason 
there are limits to the value of the cen- 
tring force. If the initial tension is very 
small, states Uebelacker, the vehicle runs 
quite straight during a relatively great 


_ part of the time; the striking angle and 


the side movement have to be very great 
before the centring force comes into 
action appreciably; its subsequent values 
will be proportionally higher. Starting 
from the initial tension the tension of 
the centring devices increases linearly, 
but owing to the pressure of the flanges 
it is necessary that the increase of the 
tension should remain small. The build- 
er can make the final tension any value 
desired in the simplest way; alterations 
subsequently desired are easy to carry 
out. It is otherwise in the case of 
bolsters. Their initial tension is nil, 
graduation of the centring forces is not 
possible, that is without considerable 
alterations to the spring gear. 


This is why the development of these 
details during the last twenty years has 
evolved in the sense indicated above, | 
which is to only let the centring forces 
of the elastic centring devices increase 
with the moment of the centre progressi- 
vely. Bogies of the Krauss-Helmholtz 
type were formerly fitted with a single 
laminated spring, the centring force of 
which was proportional to the total 
value of the deviation. Simple centring 
springs have been replaced on these 
bogies as well by two laminated springs 
in series arranged in the well-known 
manner on both sides of the centre and 
connected together by tie rods. Most of 
the bogies the designs of which have 
been sent to us are fitted with this cen- 
tring device. The tension of the springs 
increases porportionally to half the value 
of the deviation of the centre because 
each of these two springs takes the same 
deflection under the turning force. The 
travel is doubled. Conversely the same 
travel would correspond in the case of 
a single spring to a force twice as great. 
On all the bogies, i. e. on all the four- 
wheeled carrying bogies as well as on 
the bogies of the Krauss-Helmholtz type 
and its modifications, the centring force 
is as a rule only applied at the centre. In 
this case the damping out of the hunting 
movement only takes place after the 
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bogie has made a slight transverse move- 
ment relatively to the centre. This is 
why on the Kleinow bogie (variation of 
the Krauss-Helmholtz) of the 1Do1, 
series E 17 locomotive in addition to the 
usual centring springs placed in line 
with the centre (initial tension 2 180 
ker. [4880 lb.], final tension 2375 ker. 
(5 320 Ilb.], a second centring device 
has been fitted above the leading carry- 
ing pair of wheels (initial tension 
550 kgr. [1230 Ib.], final tension 1550 
kgr. [3470 lb.]) which is able entirely, 
because of its position, to overcome the 
hunting movements at the actual mo- 
ment at which they arise and moreover 
does this duty successfully. One of the 
reasons why the Java bogie of the Dutch 
East Indies State Railways, fully dealt 
with in Chapter II and in Chapter IV, 
has given full satisfaction, whereas this 
was not the case when experimentally 
tested on the German State Railways, 
has been the use of the special centring 
device above the leading carrying pair 
of wheels. 

The endeavours made by modern lo- 
comotive builders to observe the proper 
proportion between the initial and the 


final tension of the centring device is— 


shown most clearly in the Winterthur 
type bogie used on the 2 Co-Co 2 locomo- 
tives of the North of Spain Railways. 
Bogies of this type have been built for 
the first time in 1924 for the Paris- 
Orleans Railway. 

Figure 16 shows the method of con- 
struction of this bogie and its centring 
device. The frame of the locomotive is 
carried on two slides g by means of the 
articulated roller z and the two hemi- 
spherical roller supports k connected to 
the articulation of the first. In this way 
the frame is supported on a transverse 
knife edge and a longitudinal knife edge, 
i. e. at the centre of the bogie. The cen- 
tring forces are exerted by the rollers r 
on the articulated detail z. These rollers 
act on the free end of the levers turning 


about the fixed points D. The lever 


arm of the springs varies with the travel 
of the articulated detail. Its maximum 
is reached when the longitudinal centre 
line of the bogie and the longitudinal 
centre line of the locomotive coincide. 
Each rotation of the longitudinal centre 
line of the bogie about the ideal centre 
sets up a moment of rotation behind the 
two pressure rollers r diagonally oppos- 
ed. When the bogie is moved laterally 
the moment of rotation backwards is 
smaller. Figure 29 shows under the 
heading « Rotation of the bogie without 
lateral movement » the conditions of 
simple rotation (hunting) and under the 


‘heading «< Position on curves of small 


radius » the condition of the bogie at 
the end of its travel. 

The North of Spain Railways have not 
supplied any information on the value 
of the centring forces. It is only pos- 
sible to judge of the practical utility of 
this type by means of numerical data or 
from graphs. The builder of these bo- 
gies informed us that the initial and 
final centring forces of the Spanish 
locomotive were only slightly less than 
the centring forces of the bogies of the 
Paris-Orleans Railway, in which the 
main initial force is 4500 kgr. (10 000 
lb.) and the final, with 163 mm. (6-7/16 
inches) lateral displacement, 5 900 kgr. 
(13 210 Ib.). By means of these values 
we have drawn the curves of the 
centring force against the lateral displa- 
cement (s), of the spring force against 
the simple rotation without displace- 
ment (v) and of the moment of rotation 
in the reverse direction against the 
simple rotation (m), and we have then 
shown them in figure 29 above the la- 
teral movement and the angle of rota- 
tion. The arrangement of the levers 
results in the final centring force be- 
coming 1650 kgr. (3690 Ib.), or 28 % 
less than it would have been had the 
centring force increased directly with 
the lateral movement, in the same pro- 
portion as the tension of the springs 
(curve ft), a case which would occur 
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Fig. 29. — Winterthur type centring device. 


with other spring centring devices. By 
a proper selection of the ratio between 
the initial tension and the final tension 


_of the springs and by a suitable arran- 


gement of. the levers it should be possi- 
ble to keep the centring effort constant 
or even make it decrease with an in- 
creasing side movement. 

Against the rotation without lateral 
movement, between 1° and 3° of rotation, 
there is a centring force of 4558 to 
4628 kgr. (10200 to 10360 Ib.) exer- 
cised by the two rollers arranged dia- 
gonally relatively to one another and a 
moment of rotation in the backward 
direction of 1000 kilogrammetres (7 200 
foot-pounds) in round numbers. The 
centring force against the rotation and 


the moment of rotation in the backward 
direction increase directly with the : an- 
gle of rotation. 

The curve s also applies approximately 
to the case when there is. simultaneous- 
ly lateral displacement and slight rota- 
tion. Strictly speaking, the centring 
force in this case is less, but the differ- 


ence is not more than 2.2 % in the ex- 


treme position, for an angle of rotation 
of 1°. It is true that the moment of ro- 
tation in the backward direction is then 
exceedingly small, because the differ- 
ence of the moments of pressure. of 
the rollers on the side. of .the- lateral 


deviation is now all that there is to 
,cause rotation in the backward direc- . 
tion. . The small reverse moment of To- 


2329 


{11 —277 


——s 


20 40 60 80 100 /Yase in mm 
Seilenverschiebung 
Fig. 50. — Centring for curves. 
Explanation of German terms: 


lelwalzpendel= Parallel links with rollers. = Schragpendel 
Inclined links. — Seitenverschiebung = Side movement. 


tation is aided in its action of damping 
out hunting by the internal friction of 
the springs and joints of the levers, so 
that even in this case this type is better 
than the usual types. 


The support of the bogie and the 
centring device of the Winterthur type 
represents a form of construction wor- 
thy of attention. It is true that the ad- 
vantages obtained from it have to be 
paid for by a rather complicated design. 


The centring devices based upon the 
action of gravity —- we will only consi- 
der here bolsters -— are less suitable in 
our opinion for high speed locomotives 
and this chiefly on account of their lack 
of capacity for the elastic absorption of 
the transverse forces. A certain num- 
ber of the locomotives mentioned in the 
replies are fitted with such _ bolsters, 
with either parallel links, inclined links, 
or triangular links (parallel links with 
rollers). In the central position, the 
initial. centring force of all these bol- 
sters is zero. This is their second defect 
when considered from the point of view 
of our question. From this centre posi- 
tion the centring force increases more or 


rie a 
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less quickly. Our investigations into the 
running on curves shown by the values 
of the centring forces above the lateral 
deviations end in the following conclu- 
sions (fig. 30): With equally long 
links and equal horizontal spacing of 
the lower points of suspension of the 
bolster, the centring force increases 
quicker with inclined links (inclination 
of 1 in 4.592 as in the case of the bolsters 
of the old Saxon locomotives) than with 
parallel links. With triangular links of 
the same length and an average distance 
apart of 80 mm. (3 5/32 inches) of the 
links, the smallest oscillations are suffi- 
cient to cause the centring force to in- 
crease rapidly. Figure 30 shows how, 
from the above, the centring forces cor- 
respond to the increase of the lateral 
movement. The value of the centring 
forces depends with inclined links 
upon the length of the links, their incli- 
nation and the horizontal and the dis- 
tance apart of their lower supports 
(short links inclined at a great angle 
give large centring forces); with the 
parallel links it depends upon the 
length of the links, and with triangular 
links on the length of the links and the 


distance apart of the bolts of each of 


the roller supports. 

These bolsters are used on the bogies 
with carrying pairs of wheels as well 
as with pony trucks. Ten of the steam 
locomotives mentioned in the replies 
use the different types. Bolsters with 
inclined links are found on four locomo- 
tives: the old 4-6-0 and 4-6-2 Saxon 
locomotives, the 4-6-0 locomotive of the 
Saxon State Railways and the 4-8-2 
North of Spain locomotive. Triangular 
links are used on five locomotives : the 
two 4-6-0 locomotives of the Finnish 
State Railways, the 4-6-2 locomotive of 
the Swedish State Railways, the 2-8-2 
of the North of Spain Railways and the 
4-8-2 locomotive of the Madrid-Saragos- 
sa Alicante Railways. Parallel links are 
only found on one locomotive, the 4-6-0 
of the Bergslagen Railway. Not a single 
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one of the electric locomotives dealt with 
in the present report is fitted with 
centring devices using a bolster. 

What centring force should be provid- 
ed with centring devices and what, from 
this point of view, does the information 
used to compile this report teach us ? 
If we remember that the static guiding 
pressure which holds the guiding wheel 
with its flange against the outside rail 
is due to the other wheels not in contact, 
that it is necessary to take into account 
the guided length and the details of the 
design of the bogie, and that it is not a 
matter of difference whether the guiding 
takes place at two points or at one 
alone, the answer is easy; it should be as 
follows : the centring force should be at 
least equal in value to the turning force 
acting at the centre. It is also necessary 
that it should be able to deal with the 
transverse shocks to which the leading 
wheel is subjected and that it should 
therefore be greater than that required by 
purely static conditions. Here again the 
maximum value of the ratio Y: Q can 
supply the criterion for safety against de- 
railment. And it is there, from the detail- 
ed explanations we have given above 
on the subject, that the difficulty lies 
of giving an exact reply. The running 
of the bogies never being in a perma- 
nent static state of rest, but being con- 
stantly sinuous and able to degenerate 
through fortuitous circumstances into 
hunting, it is necessary to stress in this 
order of ideas the necessity for an elas- 


tic centring device, able to absorb rapid-' 


ly the vibrations which are set up. It is 
for this reason that, from the point of 
view of Question III, helical springs used 
in the leading bogies of the steam loco- 
motives of the Netherlands Railways and 
on the North of Spain Railways on steam 
and electric locomotives cannot be re- 
commended. The other pairs of wheels 
are often fitted with coiled springs; 
there is no objection to their use in this 
position. The information with which 
we have been supplied as to the value 


of the centring forces corresponds with 
the diversity of the different locomotives 
regarded as vehicles and the different 
ideas of the administrations as regards 
guiding at one or several points. This 
will be shown by a few figures. 

The initial and final tensions of. the 
centring springs of the bogies of steam 
locomotives lie between : 

1220 and 5 500 kgr. (2 690 and 12 100 Ib.) 
for the 4-6-0 locomotive of the Nor- 
wegian State Railways. 

2.000 and 3 240 kgr. (4 400 and 7 140 Ib.) 
on the 2-8-2, series 19 locomotive of 
the German State Railways. 

1700 and 4 300 kgr. (3 740 and 9 470 Ib.) 
on the standard locomotive, series O1, 
etc., of the German Railways. 

In the case of the bolsters of the bogies 
of steam locomotives, the initial and 
final tensions lie between : 


0 and 2200 kgr. (4840 Ib.) (inclined 
links) on the 4-6-0 locomotive of the 
former Saxon State Railways (fig. 17). 

0) and 4200 ker. (9 240) (vertical links) 
on the 4-6-0 locomotive of the Bergs- 
lagen Railway. 

2240 and 6820 kgr. (4930 and 15000 
lb.) (triangular links) on the 4-8-2 loco- 
motive of the Madrid-Saragossa-Ali- 
cante Railways. 

1950 and 4900 kgr. (4290 and 10790 
lb.) (triangular links) on the 4-6-2 lo- 
comotive of the Swedish State Rail-. 
ways. 

The whole of the electric locomotives 
are fitted with centring devices using 
springs; the initial and final tensions lie 
between: 


350 and 1000 kgr. (770 and 2 200 Ib.) on 
the 2BB 2, series E52 locomotive of 
the German State Railways. 

1000 and 6400 kgr. (2200 and 14 100 
lb.) on the 2 C 2, series E 66 locomotive 
of the German State Railways. 

1 200 and 1 650 kgr. (2 640 and 3 630 Ib.) 
on the 1Do1, series E16 locomotive 
of the German State Railways. 
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2 160 and 2375 kgr. (4 760 and 5 230 
Ib.) on the 1 Do 1, series E 17 locomo- 
tive of the German State Railways. 


On the last mentioned locomotive a 
spring with additional plates is fitted 
above the leading carrying pair of 
wheels, the initial and final tensions of 
which are 550 to 1555 ker. (1 212 to 
3 427 Jb;). 

In the case of the guiding pairs of 
carrying wheels upon which we have 
received information the initial and 
final tensions lie between : 


$70 and 2750 kgr. (1910 and 6 060 Ib.) 
on the 1 Dol, series 165 locomotive of 
the German State Railways; 

1755 and 2 590 ker. (3 870 and 5 700 Ib.) 
on the 1Bo-Bol, series E18 locomo- 
tive of the German State Railways; 

1750 and 3500 ker. (3 860 and 7 920 Ib.) 
on the 2Do1, series E 21 locomotive 
of the German State Railways. 


Among the trailing pairs of carrying 
wheels, those fitted with centring gear 
have springs with the following initial 
and final tensions : 


between 680 and 3800 kgr. (1500 and 


8 370 Ib.) on the standard locomotives_ 


of the German State Railways; 

between 1 250 and 2 950 ker. (2 750 and 
6500 lb.) on the 2 C1, series 195 loco- 
motive of the German State Railawys; 

between 1030 and 1370 kgr. (2270 and 
3020 Ib.) on the 2D1 locomotive of 
the Madrid-Saragossa-Alicante  Rail- 
ways. 


As we have said on several occasions, 


the value of the static turning force is 
_ calculated from the equation of equili- 


brium of the external forces ‘applied to 
the vehicle; amongst these are first of 
all the frictional forces between the 
wheel and the rail, which oppose the 
rotation about the centre or centres of 
friction. The more accurate determina- 
tion of the coefficient of friction used 


in these calculations was the subject of 
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investigations by the technical commit- 
tee of the German Railway Association, 
enquiries which had not yet been com- 
pleted at the time of drawing up this re- 
port. The results ascertained in 1931 
are given in No. 19 of the Organ, 1931. 
We learn from this publication that un- 
der the given outside conditions the 
coefficient of friction of the transverse 
sliding movement of the revolving 
wheels other than the driving wheels 
depend only upon the ratio of the speed 
of running to the speed of sliding and of 
the. degree of stressing of the surfaces 
in contact, that these coefficients of fric- 
lion are very small for small angles and 
hardly reach the value of the coefficients 
of friction of the simple sliding move- 
ment at about 1°. We see moreover that 
the coefficients of friction of the rolling 
and sliding movement of the driving and 
coupled wheels are still smaller. Here 
we shall be satisfied with calling atten- 
tion to the remarkable progress made in 
arriving at the values of Y. We now 
know how it happens that the wheels of 
the bogies so easily hunt. The slightest 
deviation in direction of the track (for 
example, small changes of gauge of the 


track) are equivalent to a constraining 


force. Against the transverse movement 
there is a resistance which is about 
equal in strength to the resistance to 
simple rolling movement. The results 
show moreover, as regards Question III, 
Part I, how small angles of constraint 
suffice to keep Y to a low value. 


Safety against derailment increases if 
care is taken to see that the friction at 
ihe point of contact of the flange of the 
guiding wheel remains as low as pos- 
sible. This consideration is only rea- 
lisable by lubricating the flanges or, a 
less usual method, by lubricating the 
sides of the rail heads on curves of small 
radius. Very varied solutions have been ~ 
tried in this matter. at 


Out of the ten administrations con- 
sulted, five lubricate the flanges; two of 
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these railways, the Dutch East Indies 
State Railways and the Bergslagen Rail- 
way, have given up the tests, as the re- 
sults were not satisfactory. Consequent- 
ly three administrations alone are con- 
tinuing the tests : these are the German 
State Railways, the Norwegian State 
Railways and the North of Spain Rail- 
ways. 

The most simple method of lubricating 
the flanges of steam locomotives consists 
in directing against the guiding flanges 
exhaust steam from the steam water 
heaters and the air pumps, as it contains 
oil. On the locomotives of the former 
Baden and Saxon State Railways good 
results have been obtained with this ar- 
rangement, although the amount of oil! 
in this exhaust steam is rather small. 
The German State Railways are not sa- 
tisfied with these results and at the pre- 
sent time are considering how they 
could be improved by other means. 
They are carrying out tests of the fol- 
lowing devices : ; 
_ The greaser of the type used on the 
Paris-Orleans Railway, which automa- 
tically directs, as needed, pulverised oil 
by means of compressed air onto the 
curve on the top inner edge of the left 
hand or right hand rail of the curve; 

lubrication by grease on the German 
State Railways method; in this case the 
flange is lubricated. A wood tube press- 
ed against the flange by a spring is 
filled with solid grease; 

a Rossger type oil lubricator, in 
which the oil is drawn in by com- 
pressed air and sprayed against the root 
of the flange; and 

a Heuser type oil lubricator, which 
feeds the oil to the flange by means 
of a steel ball. 


Three other types of lubricator, Limon 
Flume, Bosch and Hasler, tested by the 
German State Railways have not given 
satisfactory results. All these arrange- 
ments undoubtedly find it difficult to 
meet the restriction that they must lu- 


bricate, and that too very lightly, only 
the zone of contact between the rail and 
the flange. 


On some locomotives of the Norwe- 
gian State Railways, the guiding flanges. 
are lubricated by a brush pressed against 
the root of the flange, the other end 
of the brush being in an oil container. 
The inside edge of the rails of one par- 
ticularly sharp curve is also hand oiled. 


The North of Spain Railways lubri- 
cate, successfully, the flanges of certain 
electric locomotives by means of @ 
simple lubricator, and by means of a 
Bouclon type lubricator. They have 
given no other information on the sub- 
ject. 


The problem of the effective lubrica- 
tion of the flanges of the guiding wheels 
does not yet appear to have been solved 
in a satisfactory manner by all adminis- 
trations. In the spirit of Question Ill, 
first part, attention should be called to 
the “usefulness of providing a solution 
in the near future. 


The question of knowing in what pro- 
portion the inevitable irregularities of 
the track modify the vertical pressures 
and horizontal pressures during the 
running of the vehicle, is difficult to 
examine by calculation and has not yet 
been elucidated by trials. We have not 
received on this subject any useful in- 
formation. The administrations limit 
their inyestigations to checking the 
Static security against derailment. We 
do not mean to say in any way that 
tests have not been made to obtain, by 
approximate calculations, an idea of the 
magnitude of the dynamic actions. 

The difficulties: in the way of car- 
rying out. precise investigations lie in 
the determination of the masses concern- 
ed and the extent of the deformations of 
the track and the vehicle. How do these 
facts take place 2. Undoubtedly as fol- 
lows : 

The movement of rotation of the ve- 
hicle in a curve must be set up on run- 
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ning into the curve and neutralised on 
leaving it. By means of transitions 
which are generally of the cubic para- 
bola form, we can follow the processus 
of the angular acceleration which has 
to be produced and the lineal accelera- 
tion of the centre of the mass, trans- 
versely to the direction of running. In 
a way a certain duration is guaranteed 
to this processus. When all the wheels 
of the vehicle are on the curve, the ac- 
celerations have become equal to zero. 
These facts take place in the: reverse 
order when suppressing the uniform 
movements of rotation. In the case of 
irregularities of the track on curves and 
straight. alignments, but especially in 
the case of the sudden transition from 
the straight alignment to the curve, the 
required accelerations must be produc- 
ed, but here the track requires that the 
angular accelerations and the transverse 
accelerations take place in a very short 
time and at very high values. The re- 
sult of this naturally is a shock. It is 
therefore these places which can com- 
promise the certainty of guiding. It the 
vehicle is fitted with elastic centring 
gear, the deformations (which constitute 
one of the groups of difficulties) of the 


rail, of the wheel, and of the frame, are — 


small when compared to that of the 
spring centring gear. 

Recently, however, the determination 
by calculation of the dynamic influences 
has made a step forward. We are in- 
debted to MReichsbahnoberrat Dauner 
and Dr.-Ing. Uebelacker for this pro- 
gress. We have already had occasion 
to quote the article by Dr. Uebelacker 
entitled « Uber die Massenwirkungen bei 
plétzlichen Richtungsinderungen im 
Lauf von Ejisenbahnfahrzeugen » (The 
action of the masses in the event of 
sudden changes of direction in the run- 
ning of railway vehicles), Organ, 1930, 


page 271); this has been very useful — 
to us in studying the centring gear. 


Dr. Uebelacker examines the case of 
guiding by a spring centring device, 


neglecting serious deformations of the 
rail, of the wheel, and of the frame, on 
a strictly mathematical basis, and shows 
the great importance that must be at- 
tached to elastic guiding and to the 
presence of transitions. -If there are 
transitions on entering and on leaving 
curves, Dr. Uebelacker considers that 
the forces set up are insignificant. 

In his article of April 1930, Dauner 
gives the turning force as the total of 
the guiding pressure due to friction and 
of the guiding pressure of the mass and 
from them combines the value for the 
striking angles of the guiding track of 
1°, 1 1/29, and 2°, with the speed. Meas- 
uring the guiding pressures according 
to the wheel pressures, which vary with 
the guiding pressures of the mass, and 
supposing that the downward movement 
of the guiding wheel continues to exist 
when Y: Q=1, he finds the critical 
speed of the vehicle considered, for the 
different striking angles. For the <« re- 
duced mass» M,,.g, i. e. the part of the 
vehicle that can be imagined concen- 
trated at the striking point, so that the 
action of shock is the same as on the 
actual vehicle, Dauner deduces the re- 
lation : 


M 
Mrea = d2 w? 
1+—+— 
04 pre 


in which: 

M is the total mass of the vehicle, 

d the horizontal distance from the 
striking point of the guiding wheel to 
the vertical transverse plane through the 
centre of gravity, 

w the vertical distance of the point 
of contact to the horizontal plane pass- 
ing through the centre of gravity, 

the radius of inertia existing in the 
directions of d and w. 

The guiding pressure of the mass ac- 

cording to Dauner is : 
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in which : 

v is the speed, 

»« the striking angle of the guiding 
wheel, 

c the amount of the flexibility of the 
wheel and the rail at the striking point, 
or the coefficient of elasticity. 


The results given by these equations 
agree with what we have shown in the 
different passages of this report when 
considering Y and the guided length. 
Our thesis tending to assure the guiding 
at the front end as much as possible by 
a single turning force, i. e. not to let 
the driving wheels outside the bogie 
take any part in the guiding, finds its 
mathematical confirmation here. The 
equations show in fact that the magni- 
tude of the « reduced mass > is a func- 
lion of the position of the point of 
shock relatively to the centre of gra- 


vity. The term Sof the denominator 
Pw 

indicates the influence of the up and 
down movement, taking into account 
the influence of the height of the centre 
of gravity of the engine as a whole above 
the top of the rail. Consequently the 
dynamic influences act both on the 
changes of guiding pressure and on the 
changes in wheel pressures. 

The fact that the turning effort, 
whether of static or dynamic origin, im- 
poses a supplementary vertical load on 
the wheel making contact with the rail 
and acts therefore towards improving 


the safety against derailment is known, 


and taken into consideration by those 
who have to occupy themselves with 
this question. It is useless to call atten- 
tion to it each time it is a question of Y. 
We have done so several times. 


If it is a question of a locomotive 
without spring centring gear, the quan- 
tity c in the equation P,, of Dauner gives 
still rise to certain difficulties because 
we possess little sure information on 
the subject of c. We ought to collect 


data to be able to take full advantage 
of Dauner’s investigation. 

The work of a learned society in 
which we are interested suggested the 
idea of calculating, by measurements on 
the guiding wheel, the values of the 
loads on the wheel and of the guiding 
effort which actually exists on the run- 
ning vehicle. Because of the excep- 
tional importance of tests of this kind, 
the German State Railways agreed to a 
request made in this sense by the said 
society. The necessary apparatus has 
been prepared in the Berlin Higher 
Technical School in collaboration with 
the Heinrich Hertz Institute for invest- 
igations on vibrations. ‘The tests were 
undertaken in the summer of 1932, and 
the interpretation of the oscillograms 
was in hand when this report was com- 
pleted. The apparatus used were: in- 
struments for measuring the displace- 
ments, accelerometers, and measuring 
devices which noted the changes occur- 
ring in the heights of the springs and 
in the vertical and horizontal loads of 
the guiding wheels of the locomotives 
and the tenders and marked them on 
the bands of the oscillographs. The ob- 
ject of these tests was first of all to 
ascertain to what point the more or less 
important irregularities in the track ex- 
ercise unfavourable influences on the 
steady running of the vehicles and to 
determine numerically the effect of 
these conditions. It is also expected 
that the question of knowing if what 
gives the optima values statically — we 
will mention only the support character- 
istics C,, and C, (cf. Chapters II and 
IIT) — still remains the optimum value 
from the dynamic point of view will be 
elucidated. As the bogies having the 
characteristice Ce and Cs were used on 
the test locomotives, it is to be hoped 
that it will be so. 

We believe that we have in this way 
set out what is considered essential on 
the question of guiding in the present 
state of our knowledge on the subject. 
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The dynamics of the vibrations proper 
to ‘steam locomotives and _ especially 
those which are due to the effects of 
the unbalanced reciprocating masses is. 
a separate chapter on which we will 
only. say here a few words, as we are 
dealing in this report with questions of 
guiding. It will soon be a hundred 
years since science began to take an in- 
terest in these vibrations; we may call 
to mind the names of Pambour and 
Redtenbacher. We also know by per- 
sonal experience that vibrations of this 
kind can only become dangerous in the 
case of resonance, and we know the 
means of preventing this. Among the 
thirty steam locomotives considered in 
this report, there are : 

10 two-cylinder, simple expansion lo- 
comotives; 

13 compound 
iives; 

3 four-cylinder, simple expansion lo- 
comotives; “and 

4 three-cylinder, simple expansion lo- 
comotives. 


four-cylinder locomo- 


On all the two-cylinder locomotives, 


except 2, the reciprocating masses are _ 


balanced in the proportion of 18 % to 
45 % by counterbalance weights The 
2 two-cylinder locomotives with outside 
cylinders belong to the Dutch East In- 
dies State Railways. We do not know 
the reason why no part of the recipro- 
eating mass has been balanced. 

In the case of 6 of the 13 compound 
locomotives with four cylinders, the re- 
ciprocating parts are not balanced : the 
same is the case for all the three-cyl- 
inder simple expausion locomotives. 
On all the locomotives on which the 
reciprocating parts are partly balanced, 
the counterbalance weight is calculated 
in such a way that the free centrifugal 
force on each wheel at the highest speed 
of the trains shall in no case exceed 
15 % of the weight on the wheel when 
standing. 


To sum up the considerations given in 
chapter IV: 

It ts desirable that the locomotive 
should be guided by small turning ef- 
forts. The following ratio can be con- 
sidered as criterion of immunity against 
derailment : 


Q v. + cotan « 


in which Y represents the total guiding 
pressure and Q the weight of the guid- 
ing wheel (fer the other terms, cf. Chap- 
ter IV, page 2315). The quantities h, ! 
and » are dimensions as new; the in- 
formation given by the replies to the 
questionnaire do not show to what point 
these quantities can be modified by wear 
of the tyres without compromising thé 
safety against derailment. The dimen- 
sions given on this subject relate to the 
thickness and depth of the flanges. The 
North of Spain Railways alone report 
that @max reaches 90°. 


High-speed locomotives should be fit- 
led at the leading end with bogies with 
two pairs of carrying wheels, or with 
bogies consisting of one pair of carry- 
ing wheels and one pair of driving 
wheels; but tn accordance with the re- 
commended practice of the German Rail- 
way Association, this latter type of bo- 
gie should only be used when, like in 
the Krauss-Helmholtz or similar types, 
the action of the tractive effort of the 
driving pair of wheels does not tend to 
increase the striking angle of the lead- 
ing puir of wheels. The axis of rota- 
tion of these bogies should lie between 
the axles of the bogie. 

With one exception, however, the Java 
type bogies, consisting of a carrying 
pair of wheels and a driving pair of - 


~ wheels mounted in the main frame with 


its axis of rotation behind the driving 


pair of wheels, have given entire satis- ~~ 


faction. 
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The pressure of the flanges of the guida- 
ing wheels should be as small as possi- 
ble, Therefore, the intermediate coup- 
led pairs of wheels should have suffi- 
cient side play so that they do not 
exercise any side pressure on the frame 
of the locomotive. 


Pony trucks are generally not satisfac- 
tory for guiding locomotives at high 
speeds ; when they are used special 
attention must be given to the centring 
device. 


The guided length should be as great 
as possible. With a long guided length 
on curves of large radius the main frame 
is free; on the other hand, on curves of 
small radius high turning and guiding 
efforts are avoided. 

High-speed locomotives should be fit- 
ted at the leading end with spring cen- 
tring gear, the initial tension of which 
should not be widely different from the 
final tension. Considerable side play of 
the bogie may involve special designs 
(such as the Winterthur type). Lamin- 
ated springs are the most suitable for 
centring devices of the usual type. 
Among the centring devices using bol- 
sters, those with parallel links with roll- 
ers are relatively the best for this pur- 
pose, 

Modern electric locomotives with a 
considerable total wheel base are some- 
times guided, though indirectly, with as 
many as four driving pairs of wheels 
with lateral play. In these cases lamin- 
ated springs must be used exclusively. 


The considerations relative to the sta- 


tically best design cannot be disputed, 
but is it absolutely necessary to take into 
account what we have learnt by hard ex- 
perience. The track and the vehicle are 
not always in an irreproachable state of 
repair. Irregularities in the alignment 
of the track are the greatest enemies of 
sure guiding and they must be taken into 
account. We ought te be able to inter- 


cept the vibrations about the longitudi- 


nal axis of the locomotive. This condi- 
tion can only be fulfilled by a spherical 
centre or longitudinal knife edge; here 
again these vibrations cannot be over- 
come except by auxiliary side bearing 
springs and by bearing springs on the 
bogie and in the main frame. 

Considerations of a dynamic order re- 
sult therefore in the conclusion that the 
bogie with lateral support of the frame 
on both sides is the best for guiding. 

Opinions are divided as regards the 
dynamic behaviour of transverse equal- 
isers at the leading end. They are not 
used on the guiding bogies of the steam 
locomotives included in this report ; on 
the other hand they are frequently found 
on the guiding bogies and pony trucks 
of electric locomotives. Jahn states (cf. 
Zeitung des Vereins Deutscher Eisen- 
bahnverwaltungen, 1929, p. 1167) that 
« transverse equalisers on the leading 
wheels exercise an unfavourable action 
owing to the fact that at high speeds 
they limit the weight on the outside 
wheel on curves ». 


In view of this state of affairs, it will 
be understood why the support of the 
main frame on the bogie by a centre pin 
— method of support Cm — is repre- 
sented in relatively few cases. 


By « total guiding pressure » (cf. the 
first sentence of this resumé) must be 
understood the guiding pressure due to 
the friction increased by the guiding 
pressure of the mass, as it is the total 
of these two pressures which forms the 
factor upon which safe running de- 
pends. 


It is to be hoped that investigations - 
into the guiding pressure of the mass. 


may be made elsewhere so that the dyn- 
amic actions, partly unknown at pres- 
ent, of railway vehicles when running, 
may be better known in the future from 
the point of view of safety at high 
speeds. 
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B. — THE TRACK. 


Preamble. 


If the problem of the relation between 
the vehicle and the track is to be solved 
so as to ensure safety at high speeds, 
the very nature of this investigation re- 
quires that the rolling stock and the per- 
manent way should be considered se- 
parately from the aspect of the condi- 
tions which they should fulfil, in order 
that the running of the trains should 


be safe, fast, and also, after all is said. 


and done, comfortable for the passenger. 
The vehicle and the track are closely 
interrelated. Stephenson, the pioneer 
of railways, had not failed-to notice this 
important connection. He declared, af- 
ter having recognised the part played 
by the track in the development of the 
power of the locomotive, that the rail 
and the wheel are tied together like 
« husband and wife ». If the « vehicle > 
and the « track » are treated here in two 
distinct parts, the considerations to 


\ 


which these relations give place will 
overflow at places from one part into 
the other. In the present part, concern- 
ing the track, we study the question as 
to how the permanent way is maintain- 
ed and has to be maintained in view 
of the different factors summarised in 
the title, to give sufficient guarantees 
as to safety at high speeds. 

First of all the meaning of the notion 
« high speed » had to be made precise 
in order to enable the administrations 
forming part of the International Rail- 
way Congress Association to reply te 
the questionnaire sent to them. Within 
the spirit of the investigation which we 
have here to conduct, a speed is con- 
sidered high if 


a) on a straight alignment 


V > 80 km. (50 miles) per hour, 


b) on superelevated curves 


V > 3.3°\/R km, per hour, 


‘ 
- = 
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in which R denotes the radius of thecurve in metres, so that when 


R= 200 250 300 400 500 
Vis, 52 57 66 74 

when 
RSs Ti) DBE aes) 20 2 EXD 


V> 29.2 


32.3. 30.4 41 46 


50.3 


1000 metres, 
104 km. per hour. 


600 700 800 900 
SH eeGwihss SO 


35 640 40) 00 chains, 
54 57.8 61.5 64.6 miles per hour. 


>) on curves without superelevation V = 2.5 VR km. per hour, 


So that when 


R= 160 180 200 225 250 300 400 m. 
Ve eps Sop stot 1022 43." 50k. per hour, 
| NSA 9 ae bel ere eel O.O 25 30 40 m. 
when R= 8 9 10 111/4 25 26.7 31 miles per hour, | 
when R= 500 600 700 800 900 1600 metres, 
Vass 50 61 66 71 TDS 79 per hour. 


Bees R=--25 30 35 40) 
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In order to obtain high speeds, a 
track of sufficient strength is required 
in which the rails are fastened to the 
sleepers in as uniform a manner as 
possible, laid upon ballast of a perma- 
nently elastic nature and a well drained, 
constantly dry formation. Defects in 
the relative level of the rails, excessive 
sags at rail joints, variations in the 
gauge of the track over short distances, 
defective draining of the subsoil at 
bridge approaches are causes which, 
even in straight roads, constitute appre- 
ciable drawbacks to the smoothness and 
safety of running at high speeds, in spite 
of the use of vehicles suitable for these 
speeds. If the track is placed upon an 
elastic ballast and a dry subsoil, the 


_ swelling caused in winter by frost and 


which necessitates reduction in speed 
is not to be feared. On curves the safety 
is also compromised by jars at joints or 
by sudden changes in the radius of the 


curve, of the superelevation, of the 


gauge, and by superelevation ramps of 


-irregular profile and excessive angle. 


Defects which exist in. the supereleva- 
tion inclines are particularly dangerous 
for the leading pair of wheels of a loco- 


44.1 46.6 


45 50 chains, 
49 miles per hour. | 


motive leaving a curve, because the re- 
moval of the load on the leading pair of 
wheels involves the risk of derailment. 
The majority of the railway administra- 
tions already pay special attention to 
the factors mentioned above : for super- 
elevated curves, the variable quantity K 
of the equation giving the maximum per- 
-missible speed 


Vinax Sa ls VR 


increases generally as the radius and 
superelevation increase and approaches 
or attains the value K=4 for radii 
R > 600, giving 


V2max 
Rh 


=a (Or 


As will be demonstrated further on by 
considerations on the superelevation, the 


. . V? max 
relationship oa eS may also be expressed 


: v2 ; 
by the equation i = K + 85 h, which 


takes into account the influence of the 
superelevation h in metres, while K re- 
presents a fixed quantity which varies 
between 5 and 8. On the average, we 
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\ *max 


have then : = (5 — Sb hy In’ cury- 


es without superelevation, those of 
turnouts for example, the speed is 
usually reduced so that the value 


V* max 


R 


= 8 


circular curve on to a straight align- 
ment immediately following it or from 
a circular curve of small radius on to 
one of considerably greater radius. The 
inner wheel with its load appreciably 
reduced, subjected to the vertical wheel 
pressure, then comes into contact, as a 
result of the rotational impulse, with 


is not exceeded except in isolated cases. the inner rail, with the horizontal guid- 
The enquiry has to be made as to ., = ee the a No — 
what is the speed at which there is risk Ang ORG ES Se Seco bier asa . 
of derailment on a curve. A glance at With at length in the first part (Chap- 
the evolution of locomotive design with- ter IV) of this report, may have, under 
in recent decades reveals the tendency Very unfavourable assumptions, a value 
to place the boiler higher and higher, varying between 1.00 and 1.25. Suppos- | 
which means that its centre of gravity ing a height of H = 2.00 m. of the cen- = 
is at the same time raised. Up to about tre of gravity of the complete locomo- S 
1890 the height of the centre line of tive above the top of the rail, a polar 
express locomotive boilers did not as a ™moment of inertia of the locomotive of 
rule exceed 2 m. (6 ft. 6 3/8 in.) above Ip = 150000 kgr. sec; a pressure on the = 
the rail, while in the case of modern  !eading pair of wheels of G = 15 000 kgr. a 
hoilers it is now about 3.40 m. (11 ft. anda displacement of the centre of gra- 3 
1 7/8 in.). As a result of this, the centre vity of 0.11 m. for a superelevation h in = 
of gravity of the locomotive as a whole Metres and for a distance between the 2 
has been raised, in the course of years, rolling circles of 1.50 m. the calculations . 
from about 1.30 m. to 2.10 m. (4 ft. Save: = 
3 13/64 in. to 6 ft. 10 9/32 in.) above AY A 
rail level. It is obvious that for the !° os Oath Velie ee ae : 
same speed, curvature and supereleva- and . 
tion, the degree of stability must de- Yes ¥y mE ~ 
crease according as the centre of gravity 1 is: go> the alee eg a dois 
of the whole of the locomotive is raised. The table which follows gives the values E> 
The risk of derailment of the guiding : : 


front pair of wheels towards the inside 


of R corresponding to superelevations 


of the curve is particularly great when, 42=0 to h=0.15 m. 3 
the authorised speed being appreviably " Ys 
exceeded, a locomotive passes from a for Q = 1.000 and Q = 1.25. 


| 0.05m. (1 31/32 in.) | 0.40m., (3 15/16 in.) 0 45 m. (5 29/32/n.) 


28.6 32.8 37.1 
50.8 35.0 59.5 
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The above values for — furnish a ref- | ssible speed in km./h. It is ne 


R 

erence point for the lower limit of the 
speed at which a derailment may occur 
towards the inside when a circular 
curve is immediately followed by a 
straight alignment. They make it pos- 
sible to appreciate the importance oj 
‘transition curves and of superelevation 
as measures serving to increase security 
against derailment. 

To ensure adequate security, another 
factor of great importance is the angle 
of the cant incline when a locomotive 
leaves a curve. On this subject we 
would refer to the very instructive stu- 
dies of Dr.-Ing. Uebelacker (1). Since 
the passage of the locomotive body from 
one position of equilibrium to another 
sets up vibrations, it is possible that 
fairly great changes of load may occur 
if, as a consequence of the service or 
faults in construction and maintenance 
of the superelevation incline (or ramp) 
(Uberhéhungsrampe), the latter assumes 
a much greater angle than that to which 
it was initially adjusted. With a con- 
siderable unloading of the front direct- 
ing wheel which is in contact with 


the outer rail, derailment of the front _~ 


axle towards the outside is then to be 
feared. In order to ensure sufficient 
safety the German Railway Association 
has considered the necessity of curtail- 
ing the reduction of the inclination of 
the superelevation ramp according as 
the speed increases, by recommending 
in the « Technische Vereinbarungen » 
(Technical agreements), § 20, line 3, for 
the angle of the superelevation ramp the 

1 s 
i0v and, as a maximum, 


1 : 
ay ih which V represents the maximum 


: ] 
gradient Mina 


(1) « Die Anpassung der Lokomotiven und 
Tender an Gleisunebenheiten » (The adapta- 
tion of locomotives and tenders to inequalities 
in the track), Organ fiir die Fortschritte des 
Fisenbahnwesens. No. 20, 15 October 1928. 


cessary however that the gradient should 
never exceed 1 in 300. In interpreting 


this instruction, it is found that, for - 


the passage of a pair of wheels from the 
superelevated curve to the straight 
alignment, use is made for a supereleva- 
tion of h metre, of the same given 
time, namely 


: ] 
in the case of - = : , of the time 
n 10 V 
t= 36 A, and 
: ] 1 
in the case of —-= —, of the time 
n6V 
ee iebean, 
a time which, for example, for a maxi- 
mum superelevation hk = 0.120 m. 
(4 23/32 inches) is 
] 1 
with ay {= 4.32 seconds, and 
with x ae ae t = 2.59 seconds. 
n O6V 


_ For the torsion of the locomotive as 
a whole, the total wheel base being a 
in metres, it is still necessary in theory 


3.6 
to add the time f= — so that the total 


time becomes 


] 3.6a 


, t= 36h + 


1 
nie Sie enna 
Li Vitae 
] 3.6a 
ith — = —., f= 21.6h : 
with 6 Ye oi Vv 


While in the past between wide limits 
of speed the same gradient was often 
given to the superelevation ramps, and 
in consequence the time available for 
the change of the equilibrium position 


of the locomotive as a whole decreased. 


in proportion as the speed increased, 
the instructions quoted above have the 
object of making the same time available 
for the torsion of the locomotive on the 
superelevation ramp. The importance 
of the. gradient of the superelevation 
ramp is tangibly demonstrated in these 


_ arrangements dictated by modern ex- 


perience. 
When a locomotive travels at a very 
high speed, without obeying the prescrib- 


ae 


Mt 


i te | ; 
8 Oe aS 


bs 
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ed speed reductions, over a curve of 
relatively small radius, if may overturn 
towards the outside of the curve. Ac- 


- cording to calculations which have been 


made, supposing that the centre of gra- 
vity of the complete engine is situated 
at a height of 2 m. (6 ft. 6 3/4 in.) and 
that the displacement of the centre of 


Boren <= 0 0.05 mm. (1 31732 in.) 


v y 
RE = 108 45.1 


we get 


A typical case of the overturning of 
a locomotive towards the outside is de- 
scribed in The Railway Engineer, 
Vol. 52, No. 619, of August 1931. For 
the smallest radius of the actual curve 
R=173 m. (8.65 chains) with an aver- 
age superelevation of A = 0.095 m. 
(3 9/16 inches) we obtain, assuming a 
height of the centre of gravity of the 
locomotive H = 1.80 (6 feet) and a 
displacement of the centre of gravity 
e = (0.09 m. (3 1/2 inches) by means of 
a more exact equation, for the case of 
overturning : 


UF 056 = Wie feet 
5 ie ie ales 


wherein, after substituting the numer- 
ical values : 


V = 97.4 km. (60.5 miles) per hour. 


In the report of the accident the li- 
mits of speed between which the over- 


turning must have occurred are estim-_ 


ated at 40 to 60 miles an hour (V = 64 
to 97 km. per hour). The speed at 
which such a curve can be traversed 
without hesitation, allowing for the su- 
perelevation, is, according to the calcu- 
lations made by the author, V=50 km. 
or 31 miles an hour. This speed must 
have been greatly exceeded. The acci- 
dent in question is most instructive and 
proves in addition that as a result of the 
big overturning moment, the existing 
check rails could not prevent the inside 


gravity is 0.11 m. (4 11/32 in.) the lo- 
comotive will overturn when 


V2 
40: BABS 
R i 


For superelevations h = 0 to pe 
0.15 m. (5 29/32 inches), the following 
yz 

values are found for R 


0.10m. (315/16 in.) 0.15 m. (29/32 in.). 


49.3 53.6 


wheels from raising themselves above 
the check rail. 

The following considerations moreover 
show that check rails provide only a 
conditional means of safeguarding the 
working. When a wheel is guided by 
a check rail, the point of pressure is 
brought further and further forward, if 
the diameter of the wheel is greater and 
and greater. The wheel makes contact 
with the check rail with a rough and 
not a smooth surface, i. e. with a high 
coefficient of friction, whereas in the 
absence of a check rail and in conse- 
quence in case of contact between the 
outside rail and the flange only, the 
point of pressure is only a very short 
distance from the centre line and in ad- 
dition the guiding and sliding surfaces 
are polished and smooth, giving a low 
coefficient of friction. If the inside pro- 
file of the flange is perpendicular to 


the rim of the wheel and if an ordinary . 


rail with the side of the head rounded 
off is used as a check rail, derailment 
is to be feared, even at relatively slow 
speeds, when the first pair of driving 
wheels of a 4-6-0 type locomotive with 
large diameter driving wheels does the 
guiding of the locomotive, either mainly 
or entirely at a comparatively great strik- 
ing angle. As the guiding effort is ap- 
plied in its greater part, no longer at 
the great distance from the first pair 
of wheels of the bogie to the centre of 
friction (cf. the first part of the report, 
Chapter I, Steam locomotives), but at 


ae Fore “Wer eal ne * 
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the lever arm, considerably shorter, 
which extends to the first coupled pair 
of wheels, a high guiding pressure is 
developed at the point of contact be- 
tween the check rail and the inside face 
of the wheel which makes contact with 
it, i. e. at the point where the two convex 
surfaces, the rounded head of the rail 
and the rounded flange, touch one 
another, and the coupled axle climbs the 
side of the check rail. The Bulletin of 
the Railway Congress reported, in its 
issue of September 1931, p. 788, under 
the title of « Railway accident reports » 
two derailments which occurred, in 
spite of the use of check rails, on curves 
of comparatively small radii [R = 600 m. 
(30 chains) and R = 660 m. (33 chains) | 
having sufficient superelevation (h= 
$0 mm. (3 1/8 inches) and h= 76 mm. 
(3 inches). Although in the first case 
the speed had exceeded, with V=112 km. 
(70 miles) per hour the limit considered 
allowable of V= 89 km. (55 miles) an 
hour, no derailment ought to have oc- 
curred for this reason alone. In the sec- 
ond case, the speed at the moment of 
derailment was estimated at V = 80 to 
88.5 km. (50 to 55 miles) an hour; it was 


then less than the speed at which the — 


curve could have been traversed with 
adequate security and Which, with V = 
92 km. (57 miles) an hour could be re- 
garded as perfectly admissible. ‘These 
two accidents teach us that the check 
rail can only offer a sufficient guarantee 
against derailment of a pair of wheels 
especially in the case of the authorised 
speed being exceeded, when the check 
rail and the tyre have in relation to one 
another such a shape that the point of 
contact of the small diameter guiding 
wheel moves oqnly slightly from its nor- 
mal position, for as small as possible a 


striking angle and, that this may be so, 


the centring force acting at the leading 
bogie centre of the locomotive is made 
sufficiently great to prevent as far as 
possible the first coupled pair of wheels 


from exerting any guiding pressure on 
the check rail. 

The above considerations concerning 
the relations between the speed, safety 
of traffic and the track show that in 
straight alignments the speed can be in- 
creased to any desired limit whatever, 
if the track is sufficiently strong, if it 
is well maintained in line and level, if 
the constituent parts are strongly inter- 
connected, and if it rests on a uniformly 
elastic ballast bed and a well drained 
formation. In circular curves, it is spe- 
cially necessary to maintain uniformity 
of curvature, of superelevation and of 
the gauge of the road and to provide 
for the joining of a straight and a curve 
by a superelevation ramp of uniform 
development and increasing gradient, on 
account of the risk of derailment to- 
wards the outside with increase of speed, 
and coinciding as far as possible with 
the transition curve. The interposition 
of a transition curve reduces appreciably 
the danger of derailment towards the 
inside, in the event of the maximum per- 
missible speed being exceeded. The 
amount of superelevation allowed plays 
a very important part as regards the 
possible increase of speed on curves. 
The table below gives an appreciation 
of the limits of danger in the case of 
the maximum speed judged admissible 
for the standard gauge track being ex- 
ceeded : 


V =V/(6.5-++ 85 h) R. 


We have also expressed these limits 
as percentages, having assumed super- 
elevations of h=0 and h=0.120 m. 
(4 23/32 inches) in order that the in- 
fluence of the superelevation may be 
judged. 

It will be seen from this table that, if 
we take as a basis a maximum allowable 


speed of © 


V=255VR 


for curves without superelevation, the 
lower limit of risk, in case the maxi- 


i 


| 
| 
| 
| 


outside. 


mum speed is increased at least 93 %, is 
relatively high, whereas with an assum- 
ed maximum permissible speed 


V=V(65+ 854) R. 


for superelevated curves the limit of risk 
is already reached with an excess of 
speed over the maximum of 44 % and, 
therefore, lies at a much lower value. 
On the other hand, the maximum may 
be increased with a_ superelevation 
h=0.12 m. (4 23/32 inches) by 60 % 
relatively to the road without superele- 
vation (h=0), while in the region of 
the limits of risk the influence of the 
superelevation diminishes more and 
more. 


In order to ascertain as reliably as 
possible how the track is actually main- 
tained and is capable.of better mainte- 
nance, from the various. points of view 
examined in Chapters I to VII, so as to 
ensure a safety of operation appropriate 
to high speeds, we addressed a question- 
naire to the member administrations of 
the International Railway Congress As- 
sociation. We would express our best 
thanks to these administrations for their 
courteous replies. An examination of 


the replies has shown that the opinions 
on the principles involved are the same 
or nearly the same as regards a great 
number of issues, and that opinions sel- 
dom vary from the usual one on the sub- 
ject of certain questions. The investi- 
gation which now follows is designed to 
provide, with the aid of the replies re- 
ceived and information gathered from 
other sources, a summary of the solu- 
tions to the questions of detail which 
have emerged from the principal ques- 
tions as far as the track is concerned. 


CHAPTER IL. 
I. — Strength of the permanent way. 


From the point of view of the techni- 
cal conditions of the track, the majority 
of the railway administrations classify 
the lines by taking as a basis the azle 
load, 


tare + load .; 
no. of pairs of wheels of the vehicle. 


On account of the adhesive weight re- 


quired at starting, which is equal to the — 


total weight on the coupled wheels, ex- 
press steam locomotives of the 4-6-0 or 
4-6-2 type, in use on the majority of the 
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< ( Saree | Superelevatior ; | Superele 
Superelevation odes Ss Superelevation h a O04. 
Running speed V in km. per hour =0 (4 2.3/32 in.) h=0 (4 23/83 
for a radius of curve & in metres and it3- See 
relevati i 2 Vv A Y 
a superelevation h in metres of an in | lo ean lo xml : 
Maximum permissible Wie V6.5 + 85h) R 9.55 VR 400 | 4.09 VR 400 | 4.09 VR 
speed. : 
T € i BFS ame 6 VR 
Risk of derailment to the v= V (24.3 + 85h) R 4.93 VR 193 | 5.87VR 100 | 5.87 Re 
inside through lack of a b's 
transition curve, & = 1.00] . 
Q avi ; 
Risk-of derailment to the V=V(26.5 + 85A)R 45.15 VR | 202 | 6.09 VR 100 | 6.09 VR 
inside throuyh lack of a Y : 
transition curve. fe = 1.25] £ 
Q pirated eu eel os te x : 
Risk of turning over tothe | y — 40.3 + 85h) R [6.39VK | 254 | 744VR 100 | 7.44VR | 
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systems concerned, have generally very 
and 20 tons. The 


weight per linear metre = 


is of importance, in conjunction with 
the axle loads, only for the calculation 
of bridges. For the classification of the 
lines from the point of view of the tech- 
nical condition of the track the first 
things to be taken into consideration are 
the maximum allowable speed and the 
frequency of the trains, From the same 
point of view the German State Railways 
devide the tracks into : 


First class lines, with intense traffic, 
high speeds and very heavy axle loads. 
In this group the most important lines 
carrying international traffic and rapid 
long-distance trains form a « special 
class ». = 

Second class lines, with average traf- 
fic and generally slower speeds, for all 
wheel loads. 

Third class lines : all other lines. — 

A similar classification exists on the 
Netherlands Railways which place in the 
third group main lines carrying light 
traffic and secondary lines. Only in a 
few cases is attention paid to the gra- 
dients, the lay-out and other factors, 
suchs as for example, the classes of 
trains. — 

Two propositions have been present- 
ed for an international classification of 
lines. The Dutch East Indies State Rail- 
ways make use of a « map of lines over 
which vehicles may be used » in which 
the permanent way and bridges are taken 
into consideration in such a way that 
the axle load and the load per unit of 
length are duly taken into account. By 
the aid of this, the allowable vehicle 
load may be easily and definitely deter- 


‘mined. The German State Railways re- 


gard as practicable a classification of 
the lines according to azle loads, speeds, 


heavy axle loads, varying between 17 


tare + load 


length of vehicle over buffers 


number and weight of the trains which 
use them. 


The calculation of the permanent way 
is based, in principle, by the companies 
concerned, on two methods : 


1. The calculation by Dr. Winkler’s 
method with modifications of the coeffi- 
cient (Couche’s formula, North of Spain 
Railways) and substitution for the cal- 
culation of the weight of the rails in 
kgr. per metre (Sweden) and finally 
with amendments to bring the wheel 
base into account (Netherlands Railways 
according to the method recommended 
in 1930 by the German Railway Associa- 
tion in order to arrive at unifomity in 
the method of calculating the permanent 
way). In this method the effect of the 
ballast and of the formation is left aside, 
while allowance may be made for the 
speed. 


2. The method of calculation due to 
Dr. Zimmermann on the one hand, with 
certain simplifications (Finnish State 
Railways, German State Railways), on 
the other hand with modification of the 
method according to the theory indicat- 
ed by Mr. Miiller-Breslau, in his work 
Die graphische Statik der Bahnkonstruk- 
tionen, Vol. Il, 2nd part, 1925 edition, 
page 154, a theory which enables the 
effect of several pairs of wheels to be 
determined by means of influence lines, 
while Dr. Zimmermann’s theory normal- 
ly contemplates only a single pair of 
wheels because the calculation of the ef- 
fect of several pairs of wheels is diffi- 
cult and lengthy (Dutch East Indies 
State Railways). The influence of the 
ballast and of the formation is expressed 
in this-method of calculation by the 
« seating coefficient » (ballast coeffi- 
cient) while the effect of the speed en- 
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ters into the calcuation only in an indi- 
rect manner, so that the maximum allow- 
able stress decreases in proportion as 
the speed increases. 

The principal difference between 
these two methods of calculation lies 
then in the elimination or in the con- 
sideration of the deflection by the bal- 
last coefficient. Since the permanent 
way engineers of the various adminis- 
trations hold divergent opinions on 
the matter of the effect of the ballast 
coefficient on the calculated stresses, the 
more so since according as the value bal- 
last coefficient increases, its influence 
on the stresses becomes more and more 
feeble, the German Railway Association 
and the German State Railways have un- 
dertaken trials with the object of find- 
ing the value of the ballast coefficient 
for different beds (ballast and forma- 
tion) and of thereby discovering a means 
of calculation in which the calculated 
stresses agree in large measure with 
reality. These tests are at present in 
hand. 


The fundamental formula for the cal- 
culation of the rail is 


ky -G:a-ky- ky 


Smux 


W= 


in which 

W represents the moment of the rail 
section in cm 3, 

G = the wheel load, in kgr., 


a = the spacing of the sleepers, in cm., 

k, = a coeficient for the static load, 

ky = a coefficient for expressing the 
speed, 

kq = a coefficient representing lateral 


forces or also dynamic forces, 


Smax = the greatest allowable stress in 
kgr, per cm2, 


The coefficient ks, is, according to 
Winkler, ks = (0.1888, according to Cou- 
che (North of Spain Railways), 0.192. 
As a basis of comparison, for a beam on 


two supports loaded at the centre with 
a concentrated load, it would be found 
that kK = 0.25. According to the wheel 
base formula recommended by the Ger- 
man Railway Association we obtain for 
the intermediate pairs of wheels 


_1l2m-n—T(m+n)+4 


ke = 
i 16[3m+-n—(m- n)] 
and for the end pair of wheels 


pe 12n—7 
eSB (Sat oT) 


denoting by m and n the ratio of the 
wheel base on each side of the wheel 
load, to the sleeper spacing. The value 
k varies generally between 
k, = 0.21 for short wheel bases and 
k, = 0.24 for long wheel bases. 


In Zimmermann’s calculations, the de- 
velopment of which we follow here as it 
appears in his work « Die Berechnung 
des Oberbaues » (Calculations for the 
permanent way), 


ph SO ee 
* 167 + 40° 


and thus depends upon the ratio 


_B___ Degree of stiffness of the rail 
D_ Degree of rigidity of the supports 


Y 


Assuming the same section of rail and 
the same spacing of sleepers y becomes 
correspondingly smaller as the bed is 
more rigid and as, consequently, the 
ballast coefficient C and the length and 
width of the sleepers become greater. 
We have for 


= 12 906-1 1s Ge 2h 
k = 0.199 0.238 0.268 0.319 0.352 0.375 


The values ks obtained by Zimmer- 
mann’s method are only exact for a 
wheel load which is placed in the mid- 
dle of a span with four elastically flexi- 
ble supports, equally spaced, i. e. for an 
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isolated wheel load. Now for a short 
wheel base, there come into play the 
several wheel loads, so that the bending 


fory. =) 0.2 
for an intermediate pair of 
wheels kj = 0.187 
for an end pair of wheels kK,= 0.1938 


From a comparison of the coefficients 
k,, it may be concluded that Zimmer- 
mann’s calculation is applicable only to 
individual free pair of wheels, i.e. in the 
first instance to four-wheeled vehicles 
with a long wheel base. But it is also 
applicable to an individual locomotive 
trailing carrying pair of wheels situated 
at a comparatively great distance be- 
tween the last coupled pair of wheels and 
the leading pair of tender wheels. For 
the outer pair of wheels of locomotives, 
tenders and bogies of short wheel base 
and for the intermediate pairs of wheels, 
especially the intermediate pairs of lo- 


moments are reduced. According to the 
researches carried out on the latter case 
by Loewe, it appears that 


0.6 1.0 2.0 3.0 4.0 


0.183 0.182 0.185 0.193 0.204 
0.213 0.227 0.253 0.271 0.286 


founded on the « wheel base formula > 
of the German Railway Association and 
according to Loewe give more accept- 
able results which, for intermediate 
pairs of wheels with short wheel base, 
approach the coefficient of Winkler. 
We will note therefore, in the analyses 
which follow, that the coefficient k, 
depends essentially on the spacing of the 
axles and increases as the spacing of 
the axles increases. If the latter is 
small, it approaches the value k, = 
0.188; if it is great, it approaches the 
values k, = 0.375 (equal approximately 
to 2x 0.188). As average values we 


comotives and tenders, calculations may write: 
for individual pairs of wheels: k; = approx. 0.290; 
for outer pairs of wheels : k = approx. 0.240; 
for intermediate pairs of wheels: k = anprox. 0.190. 


The coefficient k,, which expresses 
the effect of the speed, represents the 
ratio between the greatest allowable 
stress omax!in kgr. per cm2 and the per- 
missible stress for a given speed oc, 
in kgr. per cm2. We may then write : 


max 
ky = . 


Sy 


Winkler was the first to make allowance 


- for the speed in calculating the bending 


moment on the rail in terms of the speed 


1 


M, —— Ms = Mk, 


1 See M, Elg 

in which 

M, = 0.1888 G, the bending moment 
for a static load, 

wy incm. per sec. = 28 V in km./h., the 

speed, 


XII—7 


g_ the acceleration due to gravity = 981 
cm. per sec?, 
E the modulus of elasticity in kgr. per 
cm2, 
1 the moment of inertia of the rail in 
cm‘, 
On substituting the numerical values, 
the equation 
] 
Rete 


v2 
LM iis 
becomes, for light rail sections [33 kgr. 
per metre (66.5 Ib. per yard), I = ap- 
proximately 1000 cm (24.026 int) ] with 
a fairly wide sleeper spacing [70 cm. 
(2°ft. 3 -1/27im)-}: 


ee Dg = 80-000 
ys ie v2 330 000 — V# 
30 000 
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and for heavy sections [45 kgr. per me- 
tre (90.7 Ib. per yard) I = approxima- 
tely 1600 cm* (38.44 in‘) ] with smaller 


sleeper spacing [60 cm. (1 ft. 11 5/8 
ine)|' ; 

2: 1 40 000 

Sa Ve, . . 40,000 —y* 


Ser d6) O00 


These equations show that in the first 
case, for V = 173 km. (107.5 miles) per 
hour and in the second for V = 200 km. 
(124 miles) per hour, the value of k, 
=o, that consequently their range of 
application is limited, but that in any 
case they have sufficed for the range of 
speeds formerly common. Moreover in 
his work published in 1875, Winkler 
was only concerned with speeds of 9 
German miles, say (42 statute miles) per 
hour. The Finnish State Railways take 
account of the speed according to Wink- 
ler’s method while they calculate the 
static wheel load by Zimmermann’s 
method. 


The Dutch East Indies State Railways 
express the speed by a coefficient hay- 
ing a mean value of 


eet A fete 
Jal + ag) 


wide limits. 


\ ent ee pres these v 


The Swedish Railways take 


e AYOO ey, 
giving 4 
Ri0g. senor eel 

BESO Ue Te ve 


ae ot) 
On the German State Railways 
oy = 1 300 — 2V, 


is 1 300 1 
giving ky = 7300 —2V =F eras 
650 
The Netherlands Railways use the 
coefficient 


= au 
T 30 000 30 000° 


obtained as a result of very numerous 
observations made by the Netherland 
Railways and the Dresden Direction of 
the German State Railways and recom- 
mended by the German Aen Asso- 
ciation. 


It goes without saying that by reason 
of the diversity of form of the equations © 
for k, the numerical values_ eae aah 
ing to an increasing speed vs 
The table which follo 
of the numerical values for k,, at eS 


ay 


. tation of W is therefore evident. 


as lf 
; ' 
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If we neglect the first column of the values of k,, which are applicable only 
to light section rails, the limiting values are 


for V = 100 km. (62 miles) per hour, ky = 


.18 to 1.83 


1 
for V == 120 km. (75 miles) per hour, ky = 1.23'to 2.20 
| 


for V = 150 km. (98.2 miles) perhour, ky = 


The coefficient k,is used by the Dutch 
East Indies State Railways to allow for 
horizontal forces ; it is 


for the locomotives, kz = 1.30 
for the carriages, kg = 1.15 


The Madrid-Saragossa-Alicante  Rail- 
ways make allowances for the dynamic 
forces by inserting, according to Ast’s 
method, the dynamic wheel loads with 
G = 2.4 whence 


Ls) 


kg = 24 

The greatest allowable stress omax in 
the rails varies between exceptionally 
wide limits, namely between omax = 
700 kgr. per cm2 (9956 Ib. per in?) on 
the North of Spain Railways, as the 
lower limit, and onyx = 3500 kgr. per 
em? (49 780 lb. per in2), making allow- 
ance for dynamic actions, on the Madrid- 
Saragossa-Alicante Railways, as the up- 
per limit. The decisive effect of the 
assumption regarding c,,,,for the compu- 
Sev- 
eral administrations allow, for worn 
rails, on secondary lines, stresses greater 
by 10 to 20 % than for those allowed on 
new rails. The mean values of the great- 
est allowable stress are generally com- 
prised between onax = 1100 to 1500 kgr. 
per cm2 (15645 to 21335 Ib. per in?) ; 


_-the average value is therefore about omax 
= 1 300 kgr. per cm2 (18 490 lb per in?). 


Very high stresses are tolerated only 
when it is necessary to use high coeffi- 
cients k,and kgor k,-kg. [Dutch East 
Indies State Railways, ¢max = 2075 kgr. 
per cm2 (34510 lb. per in2), Finnish 


State Railways, for new rails omax=2 000 


ker. per cm2 (28 445 Ib. per in2), Madrid- 
Saragossa-Alicante Railways omax = 3500 
kgr. per cm2 (49 780 Ib. per in2)].. For 


7 


.30 to 3.14. 


steel sleepers, a single railway adminis- 
tration, the German State Railways, has 
communicated the greatest allowable 
stresses. It is omax = 1400 kgr. per cm? 
(19 910 Ib. par in2) on lines for through 
and express trains ; oma, — 1500 ker. per 
em2 (21 335 tb. per in2) on lines without 
through or express trains. The Nether- 
lands Railways allow a load of 12 000 
ker. (26 450 1b.) per sleeper in the light 
of the calculation for the permanent way 
recommended by the German Railway 
Association. No special values have 
been given for the switch tongues. 

The coefficients k,, k, and ka in the 
numerator and the greatest allowable 
stresS Gmax in the denominator of the 
equation 
ks) G+ a-+Ky- ka 

Smax 

naturally exert much influence on the 
final result and, in consequence, on the 
numerical value of the moment of re- 
sistance which has to be calculated. The 
determination as exactly as possible, of 
the coefficient k, often necessitates long 
and careful work with which the as- 
sumptions relative to k,, kg and omax 
do not agree, assumptions generally spe- 
culative and in the long run, often ar- 
bitrary and approximate, which defin- 
itely influence the final result. If the 
original premises are that between the 
moment of resistance W in cm® and the 
weight of the rail g in kgr. per metre, 
there is a ratio applicable also very clo- 
sely to worn rails the moment of resist- 
ance and weight of which are less, a 
ratio which may on the average be ex- 
pressed by 


W= 


ae approx. 4.5 
& 


the equation relative to the moment of 
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resistance becomes that relative to the The numerical value of the quantity | 


weight of the rail 


k, . Ky . ka e Ga 4.5- Smax a 
bee Ga gyn et gg Pea dla 
‘ 4.8 * Cmax S Ks B ky : ka 


whence, if we put 
is given in the table below where G re- 
presents in kgr. the heaviest load per 
wheel of the locomotive, which is to be 
found in practice. 


| G a Ga 


¢ kgr./m. 
kgr. (Jb.) cm. (ft. in.) ker. em. 


(lb. per yard) 


Adi inistration. 


63 (2! 3/2") 535 500 37 (74.6) 
1 Danish State Rys . 8501) (78740) 66. (2 2") 561 000 45 (90.7) 12 467 
2 German State Rys. 10000 (22040) 65 (2'15/8') 650 000 49 (98 8) 43 265 
3 Finnish State Rys. 6300 (13890) 72 2 43/8")| 453 600 | 43.6 (87.9) 10 404 
4 Netherlands Rys. 9260 (20280) 60 (1'115,8")| 552 000 46 (92.7) 
33.4 (67.3) 
5 Dutch Indies State Rys. 6400 (14110) 69 (2’31/8")| 444 600 | 41.5 (83.7) 


6 Norwegian State Rys. 7150 (45760) 66 (2 2") 571 900 49 (98.8) 41 060 

T Portuguese Ry. Co. 8000 (47640) 61 (2'—) 488 000 45 (90.7) 10 844 

8 Swedish State Rys. #500 (18740) 66 (2' 2") 564 000 | 43.2 (87.1) 12 986 

9 | Grangesberg-Oxelésund (Sweden) 8000 (17640) TY (2'65|16")} 616 00 41 (82.7) 14 293 

40 Bergslagen Ry. 8900 (19620) 69 (23 1/8")| 644 G00 | 45.3 (91.3) 13 556 

jj 41 | Swiss Federal Rys. 10200 (22480) | 60 (1'175/8")| G49 oo9 | 46 (92.7) 13 304 

|} 42 | North of Spain Rys. 8500 (48740) | 95 (oe yan| 385 5t0 0 
“ts 637 5u0 | 42-5 (85.7) ) 
; 43 Madrid-Saragossa- Alicante . 8100 (17860) ; 63 (2° 3.4") 5410 300 45 (90.7) 44 34¢ 


The value of K is seen to vary between 
K = approx. 10000 and K = approx. 
15 000, the mean value is approx. K = 
12500. We will now extend the com- 
parison by including the latest parti- 
cularly heavy American rails used for 
some time by the Pennsylvania Railroad 
and the Kansas City Southern Railway. 
One of these rail sections, weighing 


64 ker. per metre (130 lb. per yard) is 
intended for a wheel load of 18 000 kgr. 
(39 700 Ib.), for a speed of 122 km. 
(76 miles) per hour, and the other, 
weighing 75 kgr. per metre (152 Ib. per 
yard) for wheel loads of 22500 kgr. . 
(49500 Ib.) with a speed of 152 km. 

(94.5 miles) per hour. The values of K_ | 
are shown in the following table, 


\ 
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1 i gy E 
Administration. = ae ue kgr/m. ea of 
ker. (1b.) em, (ft. tr.) | ker. em, | ‘Ib. per yard) g 
} | 
Pennsylvania Rd. 48 000 (69 700) } 51 (2' 8 1/16") 918 000 64 (180) 14 344 
and | 
Kansas City Southern Ry. 22 500 (49500) | 51 (4' 8 1/16") | 4 147 500 715 (452) 15 327 


From the preceding tables, the con- 
clusion may be drawn that with a 
reasonable amount of wear of the rails, 
the weight of the rail for high-speed 
lines is comprised between the limits 


k Ga ‘6 Ga 
o> 13000 15+ 00 
Ga €x.5 4.5. Smax 


The expression K = gn cKele kd 


shows further that in the event of worn 
rails being re-used, by allowing a higher 
stress in lines traversed at a lower 
speed, that is to say with a reduction 
of k,, the value of K increases. For 
reasons of an economic nature, we might 
then allow 


Ga Ga 
Oi to oS 
z 15 v00 17 0V0 


to enable the further utilisation of old 
light sections of low weight g for heavy 
loads G by reducing the sleeper spacing. 
Experiments directed towards the exact 
measurement of the effective stress in 
the rail, taking account of the ballast 
and the formation, of the arrangement 
of the axles and the speed, are in pro- 


- gress; we may therefore expect enlight- 


ment on the values of k,, kg and owax 
and be able to calculate the value of K 
more exactly. 

Up to the present the effect of the 


longitudinal forces acting upon long 
rails is not taken into consideration 
when calculating the permanent way. 
By reason of the usually low maximum 
stresses upon which the calculation of 
the rails is based, the material of the 
rails can be taken as not being stressed 
to excess by the longitudinal efforts 
which may be set up, provided that in 
the type of permanent way used the 
rails are fastened to the sleepers as ri- 
gidly as possible, and that the ballast 
offers sufficient resistance to any move- 
ment of the sleepers upon it. 

For heavy wheel loads (G= §& to 
10 tons) and high speeds [V = 80 to 
120 km. (50 to 75 miles) per hour], rails 
having a weight g=40 to 45 kgr. per 


_metre (80.6 to 90.7 lb. per yard) are 


generally used, and also in recent times 
g = 49 kgr. per metre (98.8 Ib. per yard). 
The weight of the rails in use by the 
administrations concerned are shown in 
the table giving the values of K (on 
page 2350). For a given wheel load G 


- in kgr. and a sleeper spacing averaging 


a=65 cm. (2 ft. 1 5/8 in.) we may 
determine approximately the necessary 
weight of rail by means of the equation 


We then get : 


2 for G= 8000 8500 9000 9500 10000 kgr. 
g= 400 425 45.0 47.5 50.0 kgr. per m. 
g= 80.6 85.7 90.7 20940 22040 Ib. 
| for G=17640 18740 19840 95.7 100.8 Ib. per yard 


a 


ST. es Se ee ee eee ee ee ey er ee 
: $ ’ . ee 2 ' : 
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i. e. rail weights which differ but little 
from those in actual use. 

The length of the rails is usually from 
12 toel8 me. (39 ft. 400 /2ein ato ogi. 
5/8 in.). Long rolled rails 24 m. (78 ft. 
9 in.) in length are employed by the 
Swiss Federal Railways in tunnels and 
the German State Railways have laid 
some of 30 m. (98 ft. 5 1/8 in.) length 
on the lines carrying international traf- 
fic and-rapid and long-distance trains. 
In addition, long welded rails [28.80 m. 
(94 ft. 6 in.) or 30 m. (98 ft. 5 1/8 in.) ], 
formed from two rails of ordinary length 
are in use on the Danish State Railways, 
the Norwegian State Railways and the 
Bergslagen Railway (Sweden). Some 
welded rails 60 to 90 m. (196 ft. 10 in. 
to 295 ft. 3 in.) long formed of four to 
six rails of ordinary length have been 
laid as a trial on the Norwegian State 
Railways. The German State Railways 
have recently placed in the road in or- 
der to test them: under traffic condi- 
tions, some rails 60 m. long formed by 
welding together two rolled rails 30 m. 
long. The great advantage of long rails 
consists in the elimination of joints 
which, being the weak point of the road, 
detract on the one hand from smooth 
running, and also in certain cases, with 
a faulty setting and a high speed, from 
safety of operation, and on the other 
hand, exercise a prejudical action by 
causing wear of the track and rolling 
stock. 


The sleeper spacing is, for interme- 


diate sleepers from 77 to 60 cm. (2 ft. 
6 5/16 in. to 1 ft. 11 5/8 in.). 
Spacings exceeding 70 cm. (2 ft. 


3 1/2 in.) are met with only in isolat- 
ed cases while a general tendency is 
noticed to reduce the sleeper spacing 
to about 65 to 60 cm. (2 ft. 1 5/8 in. to 
1 ft. 11 5/8 in.). The sleepers are gen- 
erally placed closer together at the joint 
than under the body of the rail; with an 


overhanging joint their spacing is from — 


42 to 58 cm. 
10 13/16 in.). 


CLT eal ee ltcee tOm Led te 
More than half the ad- 


ministrations which have replied to this 
questionnaire have adopted the joint 
with double sleeper obtained by closing 
in the joint sleepers, which however 
does not affect the elasticity of the short 
rail ends projecting beyond the sole 
plates. The Netherland Railways use, in 
addition to the overhanging joint, an 
unusual type of joint with a single sleep- 
er, in which the rail ends are held up 
in a chair by the wedging action of fish 
plates of appropriate shape, in such a 
way that there is a distance of 20 mm. 
(25/32 inch) between the bottom face 
of the rail and the upper face of the 
bed of the chair. 


On account of the amount of timber 
available in the majority of countries 
wood sleepers are principally used; the 
Dutch East Indies State Railways and 
the German State Railways use steel 
sleepers in addition to timber ones. The 
Swiss Federal Railways in general use 
only metal sleepers; it is only in the 
tunnels that they substitute timber ones. 
The rails are fastened down on most of 
the railways which have answered this 
questionnaire, in the familiar manner, 
i. e. on timber sleepers by the use of 
flat sole plates, sometimes also by plates 


‘with a tenon, and coachscrews, on metal 


sleepers by holding down plates and 
hook bolts; the Dutch East Indies State 
Railways use in addition sole plates with 
atenon. Five railways have adopted the 
practice of separate fixing of the rail to 
the sole plate and the plate to the sleep- 
er. The Netherlands Railways and the 
Swiss Federal Railways use with this 
object cast iron chairs screwed to tim- 
ber sleepers and on which the rails are 
fixed separately by means of clips and 
hook bolts. The German State Railways, 
the Norwegian State Railways and the 


Bergslagen Railway, Géteborg (Sweden) 


have adopted for use with timber 
sicepers rolled ribbed sole plates which 
ute fixed to the sleeper by means of 
four coachscrews, while the separate 
fastening of the rail to the ribbed sole 


‘ 
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plate is assured by locking plates and 
hook bolts, the hooked ends of which 
engage in slots cut in the ribs of the 
plates. The principle of adopting one 
standard form of fastening for both tim- 
ber and metal sleepers has led the Ger- 
man State Railways to weld the ribbed 
sole plates to the metal sleepers. This 
procedure possesses a dual advantage : 
firstly it avoids drilling the sleepers 
with its undesirable consequences, and 
secondly the sleeper is reinforced at the 
rail supports where the stresses are 
greatest. 

The ballast which primarily has to 
transform the energy of the shock due 
to the rolling loads into work of elastic 
deformation, and which may thus be 
regarded in the light of a spring inter- 
posed between the permanent way and 
the formation ought, if it is to perform 
this duty efficiently, to be formed of 
suitable material and have an adequate 
thickness. Although it has been general- 
ly recognised that broken stone which 
weathers well and resists shocks consti- 
tutes the best form of ballast, the majo- 
rity of the countries on account of econ- 
omic considerations find themselves un- 
der the necessity of using principally 
those materials for ballast which are 
available locally. Likewise, the utility 
of as thick a layer of ballast as possible 
is recognised as the result of practical 
experience and_ theoretical consider- 
ations which indicate that the depth of 
the ballast, measured from the upper 


v 


face of the sleepers, should be equal to’ 


the distance from centre to centre of 
the sleepers. But here again financial 
considerations play a decisive role, with 
the result that this desirable condition 
is only approximately fulfilled on a 
small number of systems. In conse- 
quence, the depth of the ballast varies 
on the railways which have replied to 
the questionnaire from 33 to 62 cm. (13 
to 24 3/8 in.), its mean value is about 
A5 em. (17 11/16 inches). 

When the newly placed hallast is 


tamped, a procedure which is. still 
adopted to a preponderating extent, the 
necessary consolidation of the ballast is 
brought about by the rolling loads, the 
main result of which is an unstable road, 
without counting the other bad features 
which result therefrom. These objec- 
tions may be counteracted by ramming 
or rolling the ballast. The ballast is thus 
artificially reduced to a condition which 
up to the present it has been left to the 
traffic to produce. For the ballast con- 
sidered as a spring, the result is a rais- 
ing of the elastic constant or of the « bal- 
last coefficient »» Ramming is employed 
on the Netherlands Railways and on the 
Dutch East Indies State Railways, roll- 
ing on the Swiss Federal Railways and 
on the Danish State Railways; both 
methods are used by the German State 
Railways. 

A feature of preponderating import- 
ance in the attainment of high speeds 
with every guarantee of safety is a form- 
ation which is well drained and main- 
tained in a constantly dry condition. 
A road of great strength, well braced 
and resting upon a thick bed of stone 
ballast, of perfect permeability, will ~ 
nevertheless be always unstable and 
sometimes necessitate, even in straight 
alignments, a reduction in speed on ac- 
count of the irregularities which it will 
develop if the formation under the ac- 
tion of moisture has lost its resistance 
and its elasticity and has become plastic. 
The subsoil layers work their way into 
the ballast and make it dirty, so that 
it becomes inelastic; moreover in winter 
they facilitate the swelling of the form- 
ation due to frost. Consequently the 
railway administrations are increasing- 


ly giving special attention to the drain- 


age and drying up of the formation. If 
the side ditches do not lead the water 
away and stagnant water is found to ac- 
cumulate, adequate drainage must be 
provided. » The lowering of the water 
level to 1.50 m. (5 feet) at least below 
the top of the rails by excavating the 
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bottom of the ditches and placing in 
position drain pipes filled with coke 
will ensure a permanently dry form- 
ation. Transverse cross drains of the 
same kind, filled flush with sand or coke 
have given equally good results in elim- 
inating wet places in the road. As a 
general rule, the administrations who 
answered the questionnaire improve un- 
favourable conditions of the subsoil by 
placing layers of sand or coke under 
the ballast, after having provided an 
adequate drainage system. The inser- 
tion of wooden packings between the 
sole plates and the sleepers when the 
road has been broken up by frost, a 
method adopted on the Swedish Rail- 
ways, constitutes an expedient which 
remedies the effect but not the cause. 
In Sweden also the lowering of the 
water level and the use of drain pipes, 
the introduction of good ballast, and the 
replacement of the excavated wet subsoil 
Ly coke are considered to be the best 
means of preventing the road Heing dis- 
turbed by frost. 

The results of the preceding consider- 
ations may be summarised as follows : 

The rails are generally calculated by 
different methods based on the heaviest 
wheel load and the sleeper spacing, and 
taking into account the speed. The 
weight of the rails in kgr. per metre, 
the ratio of which to the moment of re- 
sistance of the transverse section of the 
rail varies but little, depends in the first 


Dutch East Indies State Railways . 


Finnish State Railways . 
Portuguese Railways . 5 are 
North. of Spain Railways... 


Madrid-Saragossa-Alicante Railways. 


The standard gauge is generally meas- 
ured at 12 to 15 mm. (15/32 to 19/32 
inch) [most often 14 mm. (35/64 inch) ] 
below the rolling surface of the rail. 

The tolerances vary from —3 mm. to 
+10 mm. (—15/128 to +25/64 inch) 
sometimes +15 mm. (+19/32 inch). 

The play between the pair of wheels 


instance, despite the diversity of the 
methods of calculation used, upon the 
wheel load and the sleeper spacing, as 
has been demonstrated by comparative 
computations. Long rails fastened aé 
rigidly as possible to sleepers resting 
upon stone ballast reduce the number of 
joints. The reduction of the sleeper 
spacing, especially at the joints, by the 
use of the double sleeper joint, the in- 
dependent fastening of the rail to the 
sole plate and of the latter to the sleeper, 
a rammed or rolled ballast, as thick as 
possible, on a well drained formation, 
permanently in a dry state, are suitable 
means by which to reduce the deflection 
and the sinking of the joint of the two 
running rails to such a degree that, at 
high speeds, variations in pressure of 
the leading wheels can occur only be- 
fween narrow limits. 


CHAPTER ILI. 
Gauge widening on curves. 


The standard track gauge on straight 
alignment has been the result essentially 
of the growth of railways. This is why 
most administrations adopted the figure 
of 1.485 m. (4 ft. 8 1/2 in.) originally 
used in England). For economic rea- 
sons, a radical modification of the gauge 
to increase safety at high speeds could 
not be entertained. Gauges other than 
the standard have been adopted by the 
following administrations : 


LOGsone Cores Onto 

1.524 m. (5 feet) 

1.665 m. (5 ft. 5 35/64 in.) 
1.674 m. (5 ft. 6 in.) 

1.674 m. (5 ft. 6 in.) 


and the track on the straight is essential 


for safety and smooth riding at high 


speeds. On- the straight the pairs of- 
wheels advance along an approximately 
sinusoidal path. At high speeds, this 
motion may result in uncertain and un- 
stable running if the play between the 
wheels and the track is to great and— 


i) 
a 


9 


) 


we 
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as a result the striking angle increases. 
On the other hand when too little play 
is allowed, the tyre and the rail con- 
stantly rubbing together under press- 
ure, irritating noises are caused and 
may even result in derailment. The 
theoretical investigations and practical 
experiments of recent years tend to 
show that a reduction of the play habit- 
ually provided up to the present be- 
tween the wheels and the rail on the 
straight may have advantages and cer- 
tainly so from the point of view of 
smooth riding, at the same time as it in- 
creases safety by reducing the cutting 
angle. The smallest amount of play re- 
ported by the administrations consulted 
is 4.5 mm. (83/128 inch) and the great- 
est 15 mm. (19/32 inch). 

The thickness of the flange, measured 
at 10 mm. (25/64 inch) outside the roll- 
ing circle, is 20 mm. (25/32 inch) mi- 
nimum and 34 mm. (1 11/32 inches) 
maximum. 

The height of the flange beyond the 
tread circle is on the majority of the sys- 
tems 25 mm. (63/64 inch) minimum and 
36 mm. (1 27/64 inches) maximum. 

The gauge widening on curves is gen- 
erally fixed according to practical ex- 
perience and to give sufficient play for 
the wheels of the most unfavourable ve- 
hicle. The Grangesberg-Oxelé6sund Rail- 
ways (Sweden) puts forward a formula 
which can however be considered as 
approximate only, being based on purely 
geometrical considerations. 

In comparing the numerical values 


communicated by the administrations ~ 


who replied to the questionnaire and 
which were calculated as a function of 
the radius of the curve, it is recognised 
that the systems may in fact be divided 
into two groups, one of which does 
not prescribe any gauge widening for 
radii of curves R > 800 to 1 000 m. (40 to 
- 50 chains), and the other for radii 

R> 300 to 500 m. (15 to 25 chains). 


The values of the first group correspond 
on the average to the formula: 
(1 000 — R)? 

30 000 


Cnm 


while the values oi the second group 
are, on the average, lower by 10 mm. 
(25/64 inch) than those of the-~ first 
group. 

From the point of view of safety of 
working at high speeds, care must be 
taken to widen the track on curves as 
little as posstble as in this way the result- 
ing cuiting angle between the wheel and 
the rails is a minimum. 


As relative folerances on the gauge 
widening laid down, the bulk of the 
administrations authorise a reduction of 
2 to 3 mm. (5/64 to 15/128 in.) and an 
increase of 5 to 10 mm. (25/128 to 25/64 
inch), going in one case up to 15 mm. 
(19/32 inch). 


Everything seems to show that the in- 
creasing gauge widening (on passing 
from the straight to the curve) should 
be made to depend upon the speed. This 
point of view has only been adopted 
by the Portuguese Railways who lay 
down for high speeds an increase of 
0.5 mm. per metre only (1 in 2000), but 
for lower speeds 1 mm. per metre (1 in 
1000) and at turnouts 4 mm. per metre 
(1 in 250). 

The other administrations only fay 
down a single value for the gauge widen- 
ing, as allowance has already been made 
indirectly for the speed by the radius 
of the curve. The simple stepped rate 
of increase (from 2 to 5 mm.) suffices if 
the beginning and the finish of the tran- 
sition are settled; in the contrary case, a 
uniform growth is imposed of 1 mm. te 
3 mm. at the most, per metre. 

The gauge widening at turnouts varies 
very considerably, even allowing for the 
radii of the curves. This-fact indicates 
that, in the construction of turnouts, the 
bases for deciding the gauge widening 
are generally more controversial than 


2356 


I11—304 


in the construction of the track itself. 
The following figures have been given: 

at the point of the tongue : most com- 
monly 5 to 10 mm. (25/128 to 25/64 
inch), more seldom 0 to 15 mm. (0 to 
19/32 inch); 

on the straight at the heel of the 
tongue : most frequently 0 mm.; 

in the lead at the heel of the tongue : 
most commonly 0 to 6 mm. (15/64 inch), 
more seldom 12 to 15 mm. (15/32 to 
19/32 inch); 

in the lead between the heel of the 
tongue and the nose of the crossing: most 
cominonly 6 to 15 mm. (15/64 to 19/32 
inch), more rarely 0 mm. and up to 
25 mm. (63/64 inch); 

for crossings on curves, at the nose of 
the crossing: as in the lead between the 
heel of the tongue and the crossing. 

Numerous theoretical investigations 
and practical experiments on the reduc- 
tion of the gauge widening through 
curves, accounts of which appear in the 
technical press, have only resulted up 
to the present in slight modifications of 
the prescribed rules. The information 
bearing upon the experiments on gauge 
widening, sometimes to a very small ex- 
tent, indicates however that endeavours 
are being made to ascertain the effects 
of a reduction in the gauge widening. 
Economic questions take the first place 
when calculating the amount of gauge 
widening. 


CHAPTER III. 


Radius of curves. 

The maximum authorised speeds for 
different radii of curves are generally 
comprised between V = 3VR and V 
ey \/ R. The invariable result of this 
is, independently of the superelevation, 


that there are greater variations in speed 
on the curves of greater radii. Thus, 


the curve of radius R = 450 m. (22 1/2 © 


chains) is traversed on one system at 
V = 60 km. (37.3 miles) per hour, and 


Vmax =3.54YR 3.879/R 4.03{/R. 


on another at V = 85. km. (52.8 miles) 
per hour, or the curve of R = 600 m. 
(30 chains) with V = 65 km. (40.4 in- 
ches) and V = 100 km. (62 miles) per 
hour. 

On the other hand, the maximum 
speeds authorised for varying gradients 
do not differ very appreciably on the 
greater number of the systems. A re- 
markable fact is that the lowest values 
for the maximum allowable speed on 
down gradients are reported by one ad- 
ministration (Netherlands Railways) 
whose lines are located principally in 
flat country, and the greatest values by 
one administration (Swiss Federal Rail- 
ways) the greater part of whose lines 
are mountain lines. 

These maximum speeds are usually 
fixed as a result of practical experience; 
in a few instances only have theoretical 
considerations been taken into account. 
In each case, when calculating the maxi- 
mum permissible speeds, there are defi- 
nite relationships between the highest 
authorised speed V,,,, in km./h., the ra- 
dius of the curves R in metres, and the 
superelevation h in metres, relationships 
which are given by the fundamental law 


hau. sm 
wd R 
hk 
from which we get Vmax = «/—— 
u 
in which u ts a coefficient. From the 


moment, then, that the value of the su- 
perelevation as a function of the radius 
of the curve is determined, a value 
which depends in its turn on the gra- 
dient of the superelevation ramp and on - 
the length of the transition curve coin- 
ciding with the superelevation ramp, 
and if, in addition, the coeficient u is 
known, the speed may be calculated by 
means of the preceding formula. | 
Putting for example, u = 0.008, we 
have : : 


for h = 0.100 m. 0.120m. 0.130 m. 
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The formula presupposes the introduc- 
tion of a finite value for the supereleva- 
tion fh. In practice, in order to reduce 
the numerical factor which precedes the 
radical, a useful reduction in view of the 
shortening of the transition curve when 
the superelevation diminishes for a 
smaller curve radius, we have taken 


Vmax = 4 VR =="50 


an expression in which, however, the 
radii of curves R < 50 m. are not taken 
into consideration from the point of 
view of the speed. A more recent form- 
ula obtained by calculation. 


4R 
IR + 50 


makes it possible to determine the speed 
on standard gauge lines for small radii 
of curves. But in the two formule, 
the value of the superelevation h does 
not appear ; it is taken account of only 
indirectly. In the considerations set 
forth in the chapter « Superelevation » 
to which we would refer here, the influ- 
ence of the superelevation on the mazi- 
mum allowable speed is considered. 
From the point of view of smooth riding 
we have established, for the supereleva- 
tion h in millimetres the formula : 


v2 
Fis Ieee 61 
: R 


T 
\ max, ==> 


from which is derived 


vies Wee + 61) R 
11.8 


From this we get 


for h=100 mm. 110 mm. 120 mm. 
Vinaxi=98.691(7R 3.81f/R: 3.9217 RB, 


i. e. slightly higher values. This formula 
demonstrates the utility of an ample su- 
perelevation to obtain greater smooth- 
‘ness of running and an increase of safety 
on curves at high speeds. From the 


point of view of adequate stability by 
using the formula 


> 
V? max 


ie BUN — 90 


quoted in the chapter < Superelevation > 
the maximum permissible speed on non- 
superelevated curves 


Vmax = 2.76 R 
can also be calculated. 


The smallest radius of curve on lines 
run over at high speed is almost always 
fixed, on running lines and sometimes 
also through turnouts, at R= 300 m. 
(15 chains). Everything possible is 
done to increase this to R= 500 up to 
790-"m. (25° to 37 1/2 chains)..-For 

=—3 VR or 4 \/R, with adequate cant, 
speeds of 70 to 80 km. (43.5 to 50 miles). 
per hour, or of 90 to 100 km. (56 to 
62 miles) per hour would result. Since 
the development of a high speed [V = 
100 to 120 km. (62 to 75 miles) per hour] 
is possible only on level lines, efforts 
should be made to abolish individual 
curves of small radius, especially be- 
tween long straight alignments, by in- 
creasing the radius of the curves to a 
value corresponding to these speeds. 

Between two reverse curves there is 
usually interposed between the origins 
of the transition curves an intermediate 
straight section having a minimum 
length of from 10 to 40 m. (33 to 130 
feet). For high speeds 50 to 70 m. (164 
to 230 feet) are recommended as desir- 
able lengths. 

The speed is taken into consideration 
only indirectly, by the fact that in spe- 
cial cases shorter lengths are authorised 
for lower speeds. 

The obvious connection between the 
length of the intermediate straight sec- 
tion and the lengths of the adjacent su- 
perelevation curves is taken into con- 
sideration only in afew cases. The 
Netherlands Railways, the Swiss Federal 
Railways and the German State Railways 
alone consider that on high-speed lines, © 


2358 


H1—806 


with the use of long transition curves 
and gently graded superelevation ramps, 
an intermediate straight section is un- 
necessary; the Netherlands Railways ap- 
ply this rule when the superelevation 
ramps have double the ordinary length. 
Under the conditions laid down in the 
chapter « Superelevation » to which we 
would refer here, the question of the 
abolition of the intermediate straight 
stretch is examined at length. The con- 
clusion to be drawn from this study is 
that in the case of the use of long tran- 
sition curves and sufficiently low grad- 
ed superelevation ramps, its abolition 
does not offer any inconvenient feature. 

Between curves of the same sense the 
greater number of the administrations 
do not interpose an intermediate straight 
section; a few others use straight sec- 
tions 20 to 40 m. (65 to 130 feet) in 
length. According to the considerations 
explained in the chapter « Supereleva- 
tion » it is better to replace this inter- 
mediate straight length by an interme- 
diate curve of a greater radius. In this 
manner the continuity of the change of 
direction at high speeds is the better 
ensured. 

When on double track lines one road 
has to be slewed from the narrow six- 
foot way of the standard track to the 
wide spacing in a station, curves having 
radii of 300 to 5000 m. (15 to 250 
chains) are used. In this case, however. 
there are grounds for advocating radii 
of R> 10000 m. (500 chains), recognis- 
ing that with small angles at the centre 


of curvature the length of the curve be- . 


comes too small and makes itself felt in 
a disagreeable manner at high speeds by 
jerks in the train. 

When a curve in the open road and 
one of a turnout join in the same sense, 
this case is treated by most administra- 
tions in a similar manner to that of a 
compound curve in the running road. 

When a curve in the onen road and 
one of a turnouf join in opposiie sense 
this case is treated by most administra- 


tions in a similar manner to that of = 
reverse curves in the open road. Only 4 
the Bergslagen Railway makes a distinc- 
tion, depending upon whether the 
turnout is run onto in the facing or the 4 
trailing direction, and does not inter- 
pose a straight section in the second 
case. 

Between the termination of the turn- 
out and a following curve in the open 
road most administrations also interpose 
an intermediate straight section behind = 
the turnout. No administrations reports , 
that it bases the length of this straight : 
section on the speed. 

For maintaining the curvature, fixed 
reference marks are generally used. As 
required the curves are adjusted by 
measuring the versines or by similar 
methods, 

On important lines run over by the 
international express services existing 
curves of relatively small radius are 
usually replaced by others of greater 
radius when opportunity offers in order 
io increase the safety and the speed. 

To conclude, the following may be 
said : 

High speeds and great safety necess- 
itate curves of as large a radius as pos- 
sible. Greater importance than that ap- 
parently given at present, judging from “3 
the particulars received, ought to be ; 
attached to the desirability of maintain- 
ing as far as possible on curves the 
maximum speed authorised for the open 
roads, In many cases this resulf can 
be obtained without the use of elaborate 
means by increasing the radius of the 
curves. At the same time the economic 
conditions would be improved. The 
higher the superelevation selected, the 
higher may be the speed on curves. The 
limit is fixed by the amount of super- 
elevation which is practically usable. 

Between two reverse curves @ straight 
intermediate length does not appear to 
be necessary provided that long transi- 
tion curves and gently graded superele- 
valion ramps assure the transition be- 
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tween the curve and the reverse curve. 
Between two curves of the same sense, 
it is desirable to interpose, instead of 
an intermediate straight section, an in- 
termediate curve of a greater radius. 
Yor widening the six-foot way at station 
approaches, it is recommended that 
curves exceeding 10 000 m. (500 chains) 
radius should be used. With the object 
of maintaining the exact curvature of 
lines in the open road, fixed reference 
inarks should be used. 


CHAPTER IV. 
Superelevation. 


A certain superelevation of the out- 
side line of rails, varying, according to 
the views of the different railway ad- 
ministrations, between wide limits, has 
been used for many years, principally 
for economic reasons. About 40 years 
ago, the centre of gravity of the loco- 
motive as a whole at about 1.30 m. (4 ft. 
13/64 in.) above the top of the rail, was 
relatively low, so that safety did not 
play an essential part and for this reason 
with the comparatively low speeds of 


the period, only a very small super- 


elevation which might even become zero 
in curves of great radius, was consider- 
ed necessary. Consequently, for a long 
time, the economic aspect was the only 
determining factor in the calculation of 


the superelevation. This point of view 


is put forward for example in the 
«Technical agreements » of the German 
_ Railway Association of 1909, section 7, 
- § 3, where it is stated : on curves, ac- 
count being taken of the radius and the 
speed, the superelevation ought to be 
determined in such a manner that the 
wear of the two lines of rails should be 
as far as possible the same. 

The projected increase of speeds on 
curves and the consideration of the sta- 
bility of locomotives with a centre of 
gravity of the engine as a whole placed 
higher and higher, until it ultimately 


reached the height of 2.10 m. (6 ft. 
10 9/32 in.) above the top of the rail, 
have led the German Railway Associa- 
tion to re-investigate the subject of the 
superelevation on curves. This question 
of the superelevations was studied from 
the point of view: 1. of the wear in 
depth of the two rails; 2. of safety; 3. of 
the stability of running; 4. of economic 
conditions (wear in depth and in the 
Jateral direction). The result of these 
researches is to be found in the < Tech- 
nical agreements » of the German Rail- 
way Association, 1930 edition, sec- 
tion 30, § 2. On the assumption that the 
centre of gravity of the whole locomo- 
tive will not exceed of 2.00 m. (6 ft. 
6 3/4 in.) above the top of the rail, it 
is recommended, denoting by 

h the superelevation in millimetres, 

V the maximum speed on the curve 
in km./h., 

R the radius of the curve in metres, 
that a superelevation should be chosen 


2 
which is not greater than h = 8 - + 30 


2 
(in exceptional cases up to h=8 ~ 


. 2 
+ 40), nor smaller than h=8 x — 30. 


The superelevation should not exceed 
150 mm. (5 29/32 inches) nor be less 
than 


v? 


It is recommended to make the super- 
elevation, between stated limits, as great 
as possible. The more the supereleva- 
tion approaches the value 


v2 
dt 


the more the economic aspect is safe- 
guarded by the wear in depth of the 
outer rai! and of the inner rail being as 
uniform as possible, and by the side 
wear of the outer rail being as little as 
possible. 


ee oe 


rs he ee | 
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On the other hand the superelevation 
‘ calculated by means of the formula 
y2 
h= 11.8 — — 90 
: R 


represents the minimum value which 


. still assures sufficient stability of the 
: locomotive, i. e. still assures safe work- 
i. ing. 

, It is quite natural that the above for- 
Re mule should be compared with the fa- 


miliar theoretical formula 


v2 
NS: k= 11.8 


a indicating that the centrifugal force is 
% balanced by the superelevation. The 
ope: ; XE 

ae maximum values of = - are generally 
gi R © 


x 


A 


as comprised approximately between 7a 
; ==.42. for small radii of curves and 

vy 

apis = 16 for large radii of curves. 


Poems SINCe : 


Pap: Fs 


s+ a=(s+305)o. : 


R 
4 war ins 2 y 2 
+ 8-30 =(8— 30, ae 
Pr. v2 
INF. aueee ur 
11.8 ete (a1. 8 —90 =) = 


ra 


22 considered as representing — the coeffi- 
af cient of /superelevation a a 6: 


ion gi we find ‘for 
“vy? 


ee es tor ae 


4, : where es quantity in brackets may be 


The main aspects to be considered in 
the determination of the superelevation 
have been mentioned by the German 
State Railways. 

These are as follows : 

1. Ensuring safety for locomotives. 
with high centres of gravity; 

2. Stability of the vehicles while run- _ 
ning; 

3. Reduction of the side wear of the 
outer rail. i 

According to the experience acquired 
up to the present, these objects are at- 
tained if the superelevation is determin- 
ed by means of the standard formula 

g = 
je a— 
in use up-to now. The German State 
Railways are considering increasing the 
superelevation with the object of redu- 
cing still further the lateral wear of 
the outer rail; on the other hand, it has ~ 
recently authorised the use of the form- | 
Sha conte ; : 


V2wge ee 
= Seay 


y : “Tid Sal 


Bo a 


in exceptional cases for difficult loca 
conditions on curves of small radius. 
But in gia tg the greatest ee 


should: always be employed. iBiay aetsct 
The Netherlands Railways, where the 
j de 
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considerations. Most commonly, the Railways, the Bergslagen Railway, and 
superelevation is determined by means 700 on the Swiss Federal Railways. 
of the fundamental formula Putting 
lI Vin ] Vv We 
nm = Cc? t=_Ce mm =U: — 
a ie R R 
in which the value attributed to Cis 500 in order to be able to compare once 


on the Danish State Railways and the 
Norwegian State Railways, 667 on the 
Netherlands Railways, the Swedish State 


again the coefficient of superelevation u 
with the theoretical coefficient 11.8, the 
values of w indicated in the table here- 


' Railways, the Grdngesberg-Oxelésunds after are obtained. 
| v | 
km. (miles) 40 42.4 Digs || eer 60 80 100 120 
per hour. | (25) AG. 3) | (85.4) (86.8) (87.3) (50) (62) (75) 
= — — - ! oe Soe LS eS EEE ; 
500 S f 
= 12:50 11.80 8.33 6.25 5.00 4.A7 
| 
667 
u a 16.93 11.80 Le 8.46 6.67 5.56 
700 = 4 
aoa 17.50 11.80 ALOT. 8.75 7.00 5.83 | 


This table shows that at low speeds 
the value of w exceeds 11.8, while it di- 
minishes more and more as the speeds 
increase, so that at high speeds the ex- 
cess of unabsorbed centrifugal force 
constantly increases. 

The Dutch East Indies State Railways 
apply the theoretical superelevation 
formula which gives for the gauge s = 


1.067 m. (3 ft. 6 in.) the superelevation - 


hmm = 8.4 es “ which corresponds 
to the theoretical value h,,,, = 11.8 
V2Em. Ih. A ‘ : 

R which is obtained for stand- 
ard gauge track s = 1435 m.°(4 ft. 
8 1/2 in.). But since a lower mean 


speed is introduced for V?, so that on 
the average V2 = approx. 0.6 V2nax. the 
superelevation becomes 


V2. 
= approx. 5.0 ——— oe 


fmm = Ce Bk 


corresponding to a superelevation ap- 
plicable to the standard gauge track 
NE kmh 


7.1 —— 
approx. mips 


linn = 


The Portuguese Railways start with 
the theoretical formula 


< Sm > 


Oem, /sec2 
hm = 


Rn 


and finish, after substitution of the val- 
ues s = 1.665 m. (5 ft. 5 35/64 in.) for 
the gauge and after solving V2m.jsec2 = 
‘VP em2h2 

“19.96 the assumption of a mean 
speed V = 75 km. (46.6 miles) an hour, 


Toa at eae’ 
TF 55 96 with the superelevation formula 


8'm./sec.2 * 


1.665 75. V 


him = 931712.06R 


= approx Ms 
= &2pp a, 
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which, for standard gauge, would take 
the form 


hin " 886 Viemjn. 
mn 

Most frequently the value adopted for V 
in the superelevation formula and es- 
pecially in the fundamental formula 

P Vim jh. 
limm = € pn er 
is the maximum speed laid down in the 
time tables, and more rarely a mean 
speed (Finnish State Railways, Dutch 
East Indies State Railways, Portuguese 
Railways and the Madrid-Saragossa- 
Alicante Railways). 

A reduced superelevation is frequently 
employed in stations, in cases where 
goods traffic predominates (Swedish 
State Railways and Bergslagen Railway) 
or on curves of short length (German 
State Railways). 

The folerance allowed for the super- 
elevation is comprised between the li- 
mits of + 3 mm. to + 10 mm. (+ 15/128 
in. to + 25/64 in.). In this connection 
a special arrangement on the Dutch East 
Indies State Railways is worthy of note : 
two points are marked opposite one 
another on each of the rails of a curve. 
and when a plane is made to pass 
through three points the fourth point 
must not be higher up by more than 
Vormm, (9/32: -in:) for 2Vs>24b) kan: 
(28 miles) per hour, nor more than 
10 mm. (25/64 inch) for V < 45 km. 
per hour. The distance between the 
pairs of points not being specified, we 
have no base on which to ascertain the 
authorised degree of torsion of the sur- 
face. = 

The superelevation is obtained almost 
generally by raising the outer rail; the 
Swiss Federal Railways and the Portu- 
guese Railways are alone in raising the 
outer rail and lowering the inner rail, 


each by half the superelevation figure. 


If a proportion of the express trains 


run through the station without stop- 


~ 
t 


ping, the superelevation is usually deter- 
mined, so far as possible, as for a run- 
ning road; the Swiss Federal Railways 
alone reduce it to 2/3 of the normal 


figure. 
In compound curves — adjacent cur- 
ves of different radii — the difference 


is compensated in the superelevations 
by superelevation ramps, either half on 
each side of the tangent point of the 
curves, or entirely in the curve having 
the greatest radius. If it is realised that, 
in the distance equal to the total wheel 
base of a vehicle, the transition occurs 
of the unabsorbed centrifugal force of 
one curve to that of the adjacent curve, < 
it appears worth while to start the super- 
elevation ramp at the tangent point, for 
one reason to avoid an unloading of the 
outer guiding wheel, and in consequence 
the oscillations of the vehicle, and for 
another reason, to obtain smooth run- 
ning, and to maintain it in the curve of 
smaller radius. 

The superelevation is generally con- 
tinued in the short straight sections be- 
tween curves of the same sense. The 
Portuguese Railway Company fixes the 
superelevaticn of the straight section 
between two adjacent curves of the same 
radius at half that for these curves; if 
the adjacent curves have different radii, 
it is equal to half the smallest super- 
elevation. Now, a short straight super- 
elevated section between two adjacent 
superelevated curves creates a very un- 
favourable situation from the point of 
view of safety and also of smoothness 
of running, as the following consider- 
ations demonstrate : 

Let G be the weight carried by a pair 
of wheels, in ker. : 

V the speed, in km. per hour, 

v the speed, in metres per second 


(=x) 


R the radius of the curve, in metres, 
g the acceleration of gravity = 9.81 m. 
per sec, " : 
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C the centrifugal force imposed upon 
a pair of wheels in kgr., or 


SSS SSS ee 
Be IR 


s the distance between planes through 
the tread circles, in metres, 

h the superelevation, in metres. 
and with the object of simplification, 
Jet us suppose the curves adjacent to 
the straight stretch have the same ra- 
dius R. Then a pair of wheels is sub- 
jected : 


J. in the first curve to the excess cen- 


trifugal force 
i enVG h 
s Ris 5] 


2. in the intermediate straight section 
since R= o to the lateral force 


AC, Ss 


ii 
ACpe= Gee 
s 
3. in the second curve to the excess 
centrifugal force 


Z vz h 
INC sea By (SE 
= la 5 


On a short run, i. e. in a shorter and 
shorter time according as the speed in- 
creases, the positive value AG, becomes 
the negative value ACg , then again the 
positive yalue AC,. We will now show 
by an example what are the numerical 
values in question. For G= 16 000 kgr., 

V= 110 km. an hour, R = 800 m., 


v2 
ay = 15.13, h = 0.12 m., s = 1.50 m. 
we get : 
15.13. 0.120 
A Gre 16 000 cif eee ee | . 
i x ( 127 aad earl 
0.120 
= o ee eS Ee > 
AC, = 16 000 - =. — 1 280 ker. 


Jf it is in addition assumed that the 


XLi—s 


intermediate straight stretch is 1 = 20 m. 
and is therefore traversed in the time 
3.6 aso 6 me Zoey 
= ce = (0.60 see. 
V 110 . 


it is evident that the variation in force 


i = 


undergone in so short a time from 
A Cy = 640 kgr.to ACg = — 1] 280 ker. and 
from AC, = — 1 280 kgr. to AC; = 640 kgr. 


must exercise an extremely prejudicial 
action on safely and smoothness of run- 
ring, even taking into account the fact 
that in reality the total wheel base of 
the vehicle and the time corresponding 
to the dispiacement which this wheel 
base represents attenuate the effects of 
the forces to some small extent. These 
considerations show the imperative need 
of eliminating short straight sections be- 
tween curves of the same sense. With 
this object, we may interpose between 
the curves of radii R, and R, a curve 
of radius R, = R, + R, and prolong the 
superelevation, starting from the two 
tangent points of the adjacent curves, 
into the curves of radii R, and R,. A 
still better solution consists in employ- 
ing partial transition curves for passing 
from radius R, to radius R, and from 
the latter to radius R,, and making the 
intermediate superelevation ramps coin- 
cide with these. Thanks to the replace- 
ment of the intermediate straight sec- 
tion by the intermediate curve, a preju- 
dicial unloading of the outside guiding 
wheel is avoided in any case and as a 
result, the oscillations of the vehicle. 

Between {wo reverse curves, an inter- 
mediate straight section is usually inter- 
posed, having a length of at least 10 to 
40 m. (33 to 130 feet). 

If the historical evolution of the in- 
termediate straight length be followed, 
it will be seen that it was originally 
used only between circular curves in 
order to reserve the necessary space for 
the possible subsequent introduction of 
following transition curves. Later, after 
the adoption of transition curves with 
corresponding superelevation gradients, 
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there was provided a straight interme- 
diate section the length of which repre- 
sented at least the greatest wheel base 
of the vehicles in service. The object 
of this arrangement was to avoid the 
risk of the extreme axle of a vehicle em- 
bracing reverse curves, while passing 
the point of inversion even when the 
radius was very great. The length of 
this straight: section situate between 
the transition curves was fixed by the 
recommended practice of the German 
Railway Association first at 10 m. 
(33 feet) and later at 30 m. (98 1/2 feet). 
If it is remembered that in all countries, 
especially on mountain lines, circular 
curves are still frequently connected 
with straight alignments without tran- 
sition curves, so that the passage from 
the curve to the straight takes place 
during the transit of the total wheel 
base of a vehicle, i. e. in a very short 
time, it is obvious that the passage of 
the same vehicle when its centre tra- 
verses the point of junction from the 
transition curve of much greater radius 
to the reverse transition curve of equal 
radius, must be more favourable in all 
circumstances. Let us explain what 
happens, by means of an example. If a 
circular curve of radius R = 300 m. is 
connected without a transition curve to 
a straight alignment and if the greatest 
wheel base to be dealt with is a = 12 m., 
the transit of o = R= 300 m. to 2= a 
is achieved on the span a= 12 m., and 


at the speed V = 65 km. per hour in the 
time 


But if two reverse curves, each of R = 
300 m. are united by transition curves, 
each of 1= 40 m. and if one considers 
the instant when the middle of the ve- 
hicle, assumed symmetrical, is located at 


the junction point, the extreme pairs of 
wheels of the vehicle are each at a dis- 


tance from this point equal to 5 =6 m. 


and advance momentarily on opposite 
300 - 40 

curves of radius Seamer CON a 2 000 m. 

Now this movement of rotation corres- 


ponds to a supposed transition of the 


half radius s ='1.000 m. to O== 0 - The 


distance a and the time f¢ remain the 
same, but instead of a radius of curva- 
ture of 300 m. we have put one of 
1000 m. so that the passage of the ve- 
hicle from the curve of R = 300 m. with- 
out transition curve, into the straight, 
is more unfavourable in the ratio 
1 000 : ; : 

300 = 3.33 times that of its passage from 
a transition curve to the opposite curve. 
If in consequence, the rotation of the 
vehicle about the vertical axis does not 
give rise to valid objections, the rotation 
about the horizontal axis, in all the cir- 
cumstances, becomes much more fayour- 
able from the fact that it operates uni- 
formly and is not disturbed by the 
straight intermediate section. Many well 
known competent authorities [Brauning, 
Petersen, Dr. Schwanter and Chappel- 
let (@)] have consequently decided in 
favour of the elimination of the straight 
intermediate section between reverse 
curves, if care is taken to provide tran- 
sition curves of as great a length as pos- 
sible and superelevation inclines of easy 
eradient. 

At level crossings of important roads 
carrying automobile traffic, the super- 
elevation on curves of double track lines 
is generally carried out in such a way 
that the inner rails are at the same 
height. It is only in a few cases that a 
reduced superelevation is used. . 

One of the principal objects of the 
superelevation is to neutralise as far as 
possible the action of the centrifugal 
force of trains travelling at high speeds. 
According tothe particulars furnished 


(1) J. CHAPPELLET : « Diagrams of versines 


and superelevation », the Bulletin of Railway 
Congress, October 1930. 


oS este eee 


* 
ay 


eae 


2365 
I—313 


by the railways who have replied to the 
questionnaire, it is usually attained with 
‘tthe ordinary superelevations, the excep- 
tions being the Finnish State Railways 
and the Madrid-Saragossa-Alicante Rail- 
ways. But as these two administrations 
introduce a mean speed into the super- 
elevation formula, it is necessary ac- 
cording, to our previous remarks, that 


-the coefficient of superelevation u = ye 
should become smaller and smaller at 
high speeds, relatively to the theoretical 
coefficient of superelevation of 11.8. 

We will therefore examine under the 
following circumstances, the conditions 
created by the choice of the supereleva- 
tion, from the point of view of smooth- 
ness of running. The action of the cen- 
trifugal force is completely neutralised 
if the superelevation is determined from 
the equation 


in which 
Ayax is the superelevation in metres, 


when the centrifugal force is completely 
balanced, 


s the distance apart of the planes pass- 


ing through the tread circles, in metres_- 


(for standard track s = 1.50 m.), 


Vmax the maximum speed in metres per 
: second, 


d as if 
an Oa Gi 


V is the speed in km. per hour, 

g the acceleration due to gravity 
= 9.81 m. per sec?, 

R the radius of the curve in metres, 


Pmax. = 


R 12.96R 


v max V2max 


the normal acceleration on the curve 
in m. per sec?; 
‘We have for the standard track : 


9.81 


_Pmax = Imax * - = Amax - 


and if hy, is expressed in mm. : 


6. 54 _ max Ke 
Pmax = 1000 000 7b3 or Rmax = 153p max 
For any superelevation whatever, we 
then have 


See 
e153 

In consequence the amount of the su- 
perelevation h may serve to measure the 
part of the acceleration balanced outp . 
When the speed reaches its maximum 
allowable value, h is generally smaller 
than hagas boe difference: I, Guiseexs 
pressed by the equation 


and h = 153 p. 


h = hmax — ha = 103 (Pmax — oN 


from which the effective acceleration is 
deduced : 


ng h 
Pa = Pmax — 153. 
and for the standard track : 
RNG h 
Pa ~ 72,96 RB. 153° 


The more the value h of the super- 
elevation is reduced, the more the ef- 
fective acceleration pa increases. 
~ A comparison between different values 
of superelevation used for the same ra- 
dius of curve R and the same speed V 
will explain the change of p, which 
results therefrom. Let R = 500 m. 
(25 chains) and V = 80 m. (50 miles) an 
hour. In this case, the Finnish State 
Railways take as a basis an average 
speed V,, = 60 km. (37.3 miles) an POE, 
giving a superelevation of 

Vigne 60 
= 600 - 5 eae = 600- 500 = 72mm. 


On putting V = 80 km. an hour, the 
superelevation h would then be apeEven) 


by the equation 


Viet 80 ea 59 
— + an eel 2 . —) . 
h = 450 5 = 50-5 = 72 mm (2 in,) 


‘. eee a 
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Vv? 6 400 - 
When rz ase = 12.8, we find 
12.8 72 


See ee eee oe ()- 99 = ).47 = Ol 22m, 
Pa “12.96 153 


(1.70 ft. per sec2.). 


The German State Railways use the 
formula 


whence is obtained, under the same as- 
sumptions, 


ets 8 V2 
Ra 12.96 R: os Joa 
128 102.4 
ales abe "ep ear ee — 0.32 m. 
oe EE ~ 0.99 — 0.67 = 0.32 m 


(1.05 feet per sec?.). 


The observations made and the results 
obtained, namely in braking trials have 
led to the adoption of the rule that the 
acceleration should not exceed 


py S0.40 (1.31 ft.) per see? 


to produce smooth running. If we put 


V2 h 
Ps T306R 153 
the value of the superelevation 
153 V2 Ve 


may be deduced therefrom. 

On the German State Railways the val- 
V2max 
ues of 


300 m. 


(50 chains), between 


are comprised, for R = 


V?max 


a 
If we take for our basis = Saou we 


have 
h = 11.8 x 15 — 61 = approx. 8 - 15 
or in a general manner, 


ve 
h=8 rE 


(145 chains) to R = 1000 m. 
= 14 to 15. 


The minimum superelevation given in 
the « Technical Agreements » of the 
German Railway Association 


V*max 


ji iB be: — 90 


would therefore correspond to an ac- 
celeration 
ley 90 


Pa = "Teg = pep Tene 0.60 m/sec?. 


The general equation 


also enlightens us on the question of 
knowing how pa, can undergo, in prac- 
tice, noteworthy increases by the excess 
values of V, by the reductions of R and 
of h and consequently sensibly detract 
from smoothness of running and some- 
times imperil the safety of working. 
Since for p= about 2 m. (6.56 ft.) per 
sec? derailment towards the inside is 
to be feared, it is necessary to ensure, 
for reasons of safety that the value p, 
remains as far as possible below this 
limit. To obtain a high degree of safety 
and above all smooth running, a super- 
elevation as great as possible must be 
adopted, even at the cost of unavoidable 
modifications of the curves as regards 
level and curvature. Thus for example 
the very smooth running on the London 
and North Eastern Railway at high 
speeds = V¥ =" 120 “to “132 kin aG/5— ta 
82 miles) an hour! is attributable, among 
other things, to the superelevation used 
on that system, namely 

V2max 


ii lO 


which gives, using the values usual on 
that line, viz. as = 12.96 to — in ex- 
ceptional cases — 19.7, the very low 


figure py =, 0.13 to 0.20 m. (0.426 to 
0.656 ft.) per sec®. 


%» 


od 


36 


Cod 


l 


HI—315 


For turnouts, the value py, = 0.40 m. 
(1.31 ft.) per sec2 is exceeded on nearly 
all railways with the object of obtaining 
as high a speed as possible, because in 
this case the four rails resting upon long 
sleepers offer more resistance to a 
change of level and of curvature of the 
junction lead. It goes without saying 
that an increase of py adversely affects 
the quality of running. But since a fast 
train rarely has to pass over, on a long 
journey, the leads of junctions, these 
exceptions may be allowed so long as 
the running remains within tolerable 
limits and provided above all that the 
maximum authorised speed is not ex- 
ceeded. 


In curves of short length in the run- 
ning road, the majority of the adminis- 
trations who replied to the questionnaire 
reduce the superelevation, which has 
the effect of raising the value pa as in 
the case of turnouts. The other adminis- 
trations use the full superelevation, even 
in curves of short length. But this con- 
dition can only be fulfilled by the con- 
tinuation of the gently graded super- 
elevation ramps into the straight lengths 
or by increasing the grade of the super- 
elevation ramps. 
smoothness of running which is achiev- 
ed; in the second case it is safety. The 
German State Railways do not provide 
superelevation for short curves of the 
track between turnouts, but when ne- 
cessary require the speed to be reduced 
to the desired extent; on the other hand, 
they attach importance to the interpo- 
sition of transition curves, no matter 
how short they may be. 

The result of the foregoing discussions 
on the subject of superelevation, may be 
summarised as follows : 


The decisive factors for the determin- 
ation of the superelevation are : 

1. the safety of the locomotives with 
high centres of gravity at high speeds; 

2. the smoothness of running of the 
vehicles; 


In the first case, it is” 


3. the good economic result obtained 
by the reduction of side wear of the 
outer rail, 


Researches carried out as to the 
amount of superelevation which best 
meets these conditions on standard 


gauge tracks have shown that the econ- 
omic uspect is the better safeguarded as 
the figure for the superelevation ap- 
proaches nearer to the value 


v2 
h=8— 30, 
u R ot 


while in exceptional cases it may be re- 
duced to 
72 


I 8— — 3 
l= R 


30. 

For reasons of safety it is desirable 
that the superelevation figure should 
not fall below 


ve 
bh =the 2090 
: R 


In this manner the superelevation has 
2 


, : Se GN aes 
become a function of the ratto s Lees 


of the normal acceleration, while form- 


—_erly most of the formule for the super- 


r 


R 
For the calculation of the supereleva- 
tion, the maximum speed given in the 
time tables will be adopted as the value 
for V. The superelevation figure may 
serve lo measure the proportion of the 
acceleration neutralised. The effective 
acceleration for the standard guuge 
track is 


were based on the ratio 


elevation 


v2 h 
PA 79.96R 153 


If the superelevation is continued into 
a straight alignment the first term of 
the second part of the equation disap- 
pears and there would be produced at 
high speeds an inversion of the acceler- 
ation and, arising therefrom, of the 
force, which shows itself in an un- 
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favourable light by the unloading of the 
guiding outside wheel. The more the 
superelevation figure h decreases, the 
more the effective acceleration py, in- 
creases. It increases uniformly if the 
transition curve and the superelevation 
ramp coincide or if, in defaull of a su- 
perelevation, a transition curve has 
been interposed. To realise smooth run- 
ning at high speeds it is necessary in 
general that we should have 


Ps < 0m. 40 m. (1.31 ft.) per sec?, 


while, in exceptional cases especially 
in curves without superelevation, of the 
track and of turnouts, 


Pa = approv. 0.60 m, (1.97 ft.) per sec? 


can ordinarily be considered as the 
limiting value for sufficiently smooth 
and safe running. In practical service. 
allowance must be made for the fact 
that p, may increase as the result of V 
being exceeded and of the diminution 
of R and h. The smoothness of running 
and, in certain circumstances, the de- 
gree of security are affected thereby. 


CHAPTER. V. 


V. — Transition curves 
and superelevation inclines. 


Between a straight alignment and a 
circular curve a transition curve is in- 
terposed in order to permit of the pro- 


gressive change of the angular speed of: 


rolation of a vehicle about a vertical 


axis when it passes from the straight to 
the circular curve or from the circular. 


curve to the straight. A transition curve 
which fulfils approximately the condi- 
tion of a uniformly increasing angular 
speed of rotation or of a uniform. accel- 
eration of rotation is the cubic parabola. 
During the displacement along the tran- 
sition curve and during the time which 
corresponds to this displacement, the 
normal acceleration increases uniformly 


from 0 to pa. A measure of this varia- 
tion of the normal acceleration is furn-. 
ished by the derivative expressing the 
acceleration as a function of the time 


dp , : 
ar in metres per sec, 


YW = 
if we denote, in a general manner, by p 
the normal acceleration in metres per 
sec2, and by ¢ the time in seconds. The 
value of p with which we are here con- 
cerned is represented, in the preceding 
chapter <« Superelevation » by the equa- 
tion 
v2 h 
Eerooen- 155 


If the transition curve has a iength / 
in metres, it is traversed at the uniform 
speed V in km. per hour in the time 


3.61 


t= —— 


v 


Consequently we obtain for the vyaria- 
tion of the acceleration the value 


ve h Vv 

ee Ae 12.96R 153 
See RA 3.61 ; 

which in the first instance is applicable 
only to an individual pair of wheels. 
For a vehicle whose total wheel base is 
«a in metres the transit is performed in 
the displacement I + a in the time 


~ 3.6 (1+ a) 
= = 
In this case we then have 
ve h ) 4 
Pa \12.96R 153! 


y SS ES eee 

Bae 3.6 (1+ a) 
If no transition curve | exists, nor in 
default of a superelevation h, a super- 
elevation ramp, we have 


Va 


v= ¥6.60Ra 
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a value which is appreciably greater as 
a result of the increase of the expres- 
sion of the numerator and of the de- 
crease in the denominator. In order to 
have an idea of the numerical mag- 
nitude of W we will compare for a 
vehicle whose overall wheel base is 
io Sonne (AQ Shine ly Sania) e 


1. a curve of the running road having 
a radius R = 800 m. (40 chains), the su- 
perelevation h=120 mm. (4 23/32 in- 
ches) and the transition curve of length 
1=130 m. (427 feet), with the speed 
V= 110 km. (68.3 miles) per hour, and 
subsequently; 


2. a curve of a turnout having a ra- 
dius R= 190 m. (9 1/2 chains) with the 
speed V=45 km. (28 miles) per hour. 

We get: 

for the first case VY = 0.082 m. 
(0.269 ft.) per sec3, 

for the second case Y = 0.685 m. 
(2.246 ft.) per sec3. 


The extremely great difference be- 
tween the numerical values of Y cha- 
racterises the great importance of a long 
transition curve from the point of view 
of smoothness of running and of safety. 

Another interesting interpretation 
might be given to the equation 

La, pa ‘ 
: t 
We have already drawn attention to 
the fact that in the curves the effective 


acceleration p may increase sensibly as 


a result of exceeding V and of reducing 
R and hk. On the straight, however, in 
the event of variations in level acceler- 
ations may also be set up, of the value 


h 


poe i53 


where the negative sign indicates only 
the direction. In each case, whether on 
the straight or on the curve, the varia- 


tion of pz takes place over a displace- 


ment s. If we then designate by p, the 


difference between the initial value p, 
and the value p, which develops along 
the journeys s, and if we introduce it 
into the equation for Y the latter takes 
the form 


This equation makes it possible to de- 
termine numerically all the irregulari- 
ties in the laying of the track under the 
headings of curvature and level, and 
from it to deduce conclusions relative 
to the values of Y which must not be 
exceeded. ; 

All the railway administrations have 
come to recognise the importance of the 
transition curve the quality of which is 
measured by the value ‘Y. They use in 
quite a general degree the cubic para- 
bola having for its equation 


ne 


Y=& 


where C=R-°: 1, with R denoting the 
radius of the curve in metres and I the 
length of the transition curve in metres. 
The value C which varies on the dif- 
ferent railways between very wide li- 
mits, depends essentially on the length / 
of the superelevation ramp, coinciding 
more often than not with the transition 
curve and depending in its turn on the 
superelevation and the gradient. 


The superelevation ramp is usually 
traced as a straight line. : 

For the changes of gradient at the 
origin and the termination of the super- 
elevation ramp, no definite radii are 
prescribed, on account of the slight 
grade of the inclines. The North of 
Spain Railways compensate the changes 
of grade by means of short ramps hav- 
ing a gentle slope. 

The gradient of the superelevation 
ramps is generally comprised between 
3.3 and 1 mm. per m. (between 1 in 300 
and 1 in 1000). Some of the admin- 


\ 
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istrations take account of the speed by 
prescribing flatter gradients when the 
speed increases and by thus obtaining 
gradients of 1 mm. per m. (1 in 1000). 
We consider as very practical the pro- 
position already mentioned in the 
preamble, which appears in the « Tech- 
nical agreements >», section 20, § 3, of 
the German Railway Association; this 
proposition tends to give compulsory ef- 
fect to the requirement that the gradient 
of the superelevation ramp should de- 
pend upon the speed in such a manner 
that the vehicle always takes the same 
time for its rotation about the horizontal 
axis, which gives the relationship 

hee 1 


Tae LOL 


In most cases the length of the transi- 
tion curves is made equal to the length 
of the superelevation ramps, so that the 
rotations of the vehicle about the ver- 
tical axis and the horizontal axis are 
effected simultaneously. Occasionally 
to produce a gentle gradient a greater 
length is given to the superelevation 
ramp than to the transition curve. 

If then the transition curve is shorter 
than the superelevation ramp, recourse 
is had to one of two solutions concern- 
ing their relative position. Some ad- 
ministrations made the extremity of the 
transition curve coincide with that of 
the superelevation ramp, so that the 
latter continues into the straight align- 
ment; others join the origins, so that 


the superelevation ramp is prolonged - 


into the circular curve. We will return 
to the considerations bearing upon the 
subject of short straight lengths between 
curves of the same sense. In both cases 
the following effects are produced. 

In the first case, at the origin of the 
transition curve there is a supereleva- 
tion h, which is smaller than the super- 
elevation h applied in the circular 
curve. For an individual pair of wheels 


a lateral force is exerted at this post- 
tion equal to 
ela 
AO; === Gi 

; s 
while at the extremity of the superele- 
vation ramp and of the transition curve 
it is the lateral force 


xe G vy? *) 
s eaeice ie Rie 


which acts. In travelling over the 
transition curve, there is produced 
therefore a reversal of the force with a 
change of acceleration Y of correspond- 
ing intensity which sets up oscillations 
of the vehicles, especially at the passage 
from the curve to the straight alignment. 

In the second case, on the contrary, 
there is at the extremity of the transi- 
tion curve a superelevation h, smaller 
than h applied in the circular curve. At 
the. end of the transition curve, the 
lateral force reaches its maximum value 


vy? he \ 


She als ee 


at the end of the superelevation ramp, 
it has a rather smaller value 


V2 h 
AC, = G {|——— — -}, 
GarR :) 
so that on the difference in the distance 
travelled between the superelevation in- 
cline and the transition curve is only 


h I 
G— -alters to Go. 
s s 


The lateral force A C,. thus varies a little 
in magnitude but continues to act in the 
same sense, while the variation in the 
acceleration becomes very appreciably 
smaller. 

In the course of a very great number 
of trial trips, we have been enabled to 
observe the oscillations of the vehiclés 
set up by the action of the above-men- 
tioned forces through the continuation 


— 
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of the superelevation ramp into the 
straight alignment, while the _ prolon- 
gation of the superelevation ramp into 
the circular curve does not expose the 
vehicles to any kind of oscillations. If 
on entering the curve, the vehicles are 
leaning towards the outside, they re- 
main in ali probability in this positio: 
uniil their departure from the curve. 
But as the oscillations of vehicles are 
always accompanied by unloading of the 
springs, which may even lead to derail- 
ments, particularly in the event of the 
maximum speed being exceeded, due to 
the unloading of the outer leading 
wheel, it appears necessary, in prin- 
ciple, to prolong into the circular curve 
a superelevation ramp which is longer 
than the transition curve. 

In brief, we may say that: the transi- 
tion curve ought to produce the pro- 
gressive change of the angular speed ‘of 
rotation of a vehicle. On the cubic 
parabola this rotation takes place with 
uniform acceleration. The change of 
acceleration 


( v2 h )v 
Pas 16s Ree 153 
a 3.6 ean! 


on which the leagth | of the transition 
curve and the total wheel base a of a 
vehicle exercises, all other circumstan- 
ces being the same, a decisive influence, 
which serves as a measure of the qual- 
ity of a transition curve. The super- 
elevation ramp is generally traced on 
the straight. The gradient of the su- 
perelevation ramp ought to be made to 


_ depend in such a manner upon the speed 


that the vehicle always has the same 
time available for its rotation. We then 
obtain an inclination ratio 


1 ] 


i 
~ 


If the superelevation ramp is longer 
than the transilion curve, if is neces- 
sary to extend it into the circular curve. 


CHAPTER VI. 


Points and crossings. 


The curves of turnouts differ from the 
curves in the open road by that the cir- 
cular curve is generally joined to the 
straight alignment without a transition 
curve. In a few rare cases only, in 
order to replace the transition curve up 
to a certain point, a radius a little 
greater than that of the turnout lead has 
been given to the curved tongue, while 
in front of a straight crossing or be- 
hind a curved crossing the straight 
alignment always connects directly with 
the turnout lead. It is only when the 
turnout lead, serving as a common route, 
is situated between the two curyes of 
the running road, that safety can be im- 
proved by a superelevation. But if a 
turnout lead, serving as a common route, 
which is situated between two straight 
alignments, is provided with superele- 
vation, the inevitable prolongation of 
the superelevation ramp into the straight 
alignments has for effect the reversal of 
the force studied in the preceding chap- 
ter « Transition curves and supereleva- 
tion ramps _>-and which is manifested 
by the unloading of the outer leading 
wheel and by oscillations of the vehicle. 
In this case safety is the better ensured 
if there is no superelevation, at the same 
time reducing sufficiently the maximum 
speed authorised elsewhere for a curve 
of superelevated road. While the curve 
of the running road, in default of a tran- 
sition curve, meets the straight align- 
ment tangentially, the turnout on some 
systems still cuts the straight at a cer- 
tain angle, and even when turnouts 
theoretically tangential are used, for 
constructional reasons a short length of 
the curve must be replaced by a short 
straight section whose angle of inci- 
dence is, it is true, appreciably smaller. 
The majority of the administrations still 
make use of straight crossings with short 
straight lengths interposed between them 
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and the turnouts leads. If a running 
road curve is connected up behind the 
crossing with a turnout lead having 
points of the type which form an angle 
with the stock rail it is inevitable that 
because of the succession of — straight 
part — deviation - junction lead — 
straight part — curye in the open road — 
the running over such a curve becomes 
unstable and, at high speeds, dangerous, 
as a result of the continual change of 


1 
the curvature -. In consequence, the 


tangent tongues with a short straight 
part which strikes the rail at only a 
very small angle of incidence, and the 
curved crossings constitute, from the 
points of view of smoothness of running 
and of safety, an important improve- 
ment, for then the order of succession 
becomes the following : 

Straight part — turnout lead — curve 
in the running road. 

The extension of the turnout lead 
through the crossing presents, in addi- 
tion, this advantage that for equal curve 
radius, the angle of the crossing becomes 
smaller and that, as a result, the gap 
in the rolling surface of the outer rail 
becomes shorter. By comparison with 


the, curve in the open road, the inter- — 


ruption of the rolling surface of the 
outer rail, necessitated by the gap of the 
crossing, constitutes therefore a draw- 
back, for, no matter how well designed 
the turnout may be, in the course of 
time a hollow is formed at the nose of 
the crossing, by reason of the crushing 
of the mental, a cavity which produces, 
by the flattening out of the crossing, 
worn places on the outer rail leaning 
towards the crossing. 

The result, for leads without superele- 
vation, is a lowering of level below nor- 
mal, and for the others, a reduction of 
the superelevation. Moreover, in the 
open road curve the outer wheel always 
leads, while a little in front of the cross- 
ing, in the case of a facing turnout, 
and a little behind the crossing in 


the case of a trailing turnout, the 
guiding effect is transferred from the 
outer wheel lo the inner wheel, which 
produces the effect, that for an inclin- 
ation of 1 in 56 [for R=190 m. (9 1/2 
chains) | and of 1 in 77 [for R= 500 m. 
(25 chains) ] the leading pair of wheels 
is withdrawn from the outer edge of the 
rail, interrupted by the groove of the 
crossing, and brought towards the check 
rail. For the guiding of the pair of 
wheels these inclinations are equivalent 
to deviations of 1° 1’ 23” and 0° 44’ 50”, 
i. e, to greater angles than those proy- 
ided in modern turnouts for the angle 
of incidence or of intersection. The ex- 
tension of the check rail and the reduc- 
tion of the inclination at its ends can 
thus improve appreciably the guiding 
of the wheels and in certain circum- 
stances raise the limit of speed at which 
derailment would occur. If with its 
four rails fastened to continuous sleep- 
ers, the turnout lead offers more resist- 
ance to changes of level and of curva- 
ture than the open road curve, on the 
contrary it has drawbacks which the 
latter does not possess: absence of a 
transition curve, angle of intersection 
or of incidence of the tongue, inter- 
ruption of the rolling surface of the 
outer rail at the crossing, lowering 
or reduction of the superelevation to- 
wards the crossing, guiding effect trans- 
ferred from the outer wheel to the 
inner wheel at a small angle and, 
further, often short sections of rail or 
short crossing. All these factors pro- 
duce, on account of the inevitable shocks 
to which they give rise, disadvantages 
as compared with curves in the open 
which it is essential to take into ac- 
count in determining the maximum 
speeds for turnout leads. The greater 
the radius of the turnout curve, the more 
may be diminished the disadvantages 
mentioned above, excepting the inter- 
ruption of the rolling surface of the 
outer rail at the crossing, which be-— 
comes longer and the slant of the outer 
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rail towards the crossing, which is then 
necessarily more unfavourable. But a 
greater radius of the turnout curve, if 
the maximum speed fixed for a smaller 
radius remains the same, enhances the 
safety and smoothness of running and 
in addition increases appreciably the 
duration of service of a turnout. For 
these reasons, the majority of adminis- 
trations consulted have reduced appre- 
ciably the maximum speed for turnout 
curves below that authorised for super- 
elevated curves in the open road. 

From the point of view of high speed, 


the Netherlands Railways and the Dutch 


East Indies State Railways make a dis- 
tinction between the turnouts in open 
rodds and turnouts at station ap- 
proaches. The first of these adminis- 
trations employs mainly symmetrical 
turnouts with the radius of curve 
R= 1200 m. (60 chains) and the angle 


For 


Finnish State . ae wae 
Madrid-Saragossa-Alicante 
Portugese Co. 

Danish State . 

Dutch East Indies . 

Danish State 


‘German State 
~ Netherlands 


Swedish State 


The smallest angle of intersection is 
therefore 9 = 0° 27 0”, and the smallest 


crossing angle § = 3° 48’ 51”. 


4 


The German State Railways have 
adopted for their new types of turnouts 
the following figures : 


Angle 
R- of incidence. 
a fo SS resp 
wr 0) etl 


m. (chains) 
25 (\eeiC2> es 0140-20 Occ o> DOs==piaee 0.2 
* 500 = (15) 0 33 30 A 20920 easel Se: 


of the crossing 1 in 15, elsewhere 
straight points with R = 600 m. 
(30 chains) and the same angle of the 
crossing are used; for station approaches 
in certain circumstances the same 
turnouts are used, but elsewhere turn- 
outs with R = 300 m. (15 chains) and 
a crossing angle of 1 in 10 or 1 in 9. 
The Dutch East Indies State Railways 
make use in running lines of straight 
turnouts with the radius of curve 
R = 400 m. (20 chains) and with a 
crossing angle of 1 in 14, and for station 
approaches, turnouts with radius R = 
180 m. (9 chains) and crossing angle 
1 in 10. The other administrations do 
not make any difference. 

The angle g of intersection or of in- 
cidence of the tongue, the angle 8 of the 
crossing, and corresponding inclination 
1 in n of the crossing vary between wide 
limits, as the following table shows : 


R a B =1in 
m. (chains) om iGeen”? ey eft 

. 295 (14 3/4) 0 41°25 bay a Ba Es ree SORES 5b 
. 300 (15) EZR | bay) Red ee hea STB lee 
300 =(15), 114 36 Be Ged =a ee) 15.08 

oP OOOLCLG hy/2)) 030 0 phe ee eo ale 

400 (20) i 4 SY) ee eo ee 

500 (25) Orta) Ae eal ee 1. 

600 (30) 0 55 0 BR 2Gy ib = ib Sua 

600 (30) 030 0 SEAGE ioe merely 


For the tongues, the curved form is 
normally employed; only the North of 
Spain Railways, the Madrid-Saragossa- 
Alicante Railways and the Portuguese 
Railways still use straight tongues. With 
curved tongues the curves of the points 
of blades are sometimes replaced by 
tangents (angle of incidence) and some- 
times the tongues cut the rolling surface 
of the stock rail (angle of intersection). 

On some railways the heel of the 
tongue is held by a wooden or steel 
wedge against the stock rail. The Swiss 
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Federal Railways enlarge the section of 
the tongue and of the heel pivot. The 
German State Railways employ articu- 
lated tongues and flexible tongues. The 
heel of the articulated tongue rests in an 
articulated member specially designed 
for this purpose, The other administra- 
tions do not take special measures {to 
hold the heel of the tongue securely. 

The anchorage of the tongue is gen- 
erally protected against the action of 
the braking efforts by the pivot or the 
tension of the springs. 

Tongues which are housed under the 
head of the rails are the rule; the old 
type is no longer in use except on the 
North of Spain Railways. 


While the Dutch East Indies State 
Railways use only flexible tongues by 
which the groove of the crossing in the 
common route is closed, the Swiss Fed- 
eral Railways, the Finnish State Rail- 
ways, the North of Spain Railways, and 
the Madrid-Saragossa-Alicante Railways 
use solely articulated tongues. The two 
types are in use on the other systems 
some of which prefer flexible tongues 
for the main lines. 


In order to ensure that the tongues 
are home, use is most often made of a 
hook point-locking device or point lock, 
serving the purpose of holding the ton- 
gue against the stock rail. Less fre- 
quently use is made of the toggle joini 
point lock which presses the tongue 
against the stock rail. The Netherlands 
Railways use a device in which the ton- 


gue is lifted by means of a roller upon = 


a double inclined plane resting upon the 
slide chair and is thrusted, at the bot- 


tom of the slope, against the stock rail. 


In general the turnout curve has a 
uniform development throughout the 
length of the points. On the Finnish 
State Railways, the German State Rail- 
ways and the Bergslagen Railway alone, 
the tongues have in part a greater ra- 
dius than the turnout curve. 

The least length of the straight part 
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of the crossing in front of the mathe- 
matical point of the nose is 1 m., (3 ft. 
3 3/8 in.) (on the Danish State Rail- 
ways) and the greatest is 4.74 m. (15 ff. 
7 in.) (on the Portuguese Railways). 
Behind the mathematical point of the 
nose the smallest length is 1.24 m. (4 ft. 
53/64 in.) (on the Swiss Federal Rail- 
ways) and the greatest is 4.327 m, (14 ft. 
2 23/64 in.) (on the Swedish Granges- 
berg-Oxel6sund Railways). 

The least length of the straight part of 
the crossing is, according to the replies 
received, 2.58 m. (8 ft. 5 19/32 in.) (on 
Swiss Federal Railways) and the great- 
est is 7.12 m. (23 ft. 4 5/16 in.) (Granges- 
berg Oxelosund Rys.). 

The Danish State Railways, the Ne- 

therlands Railways, the German. State 
Railways and the Swedish Bergslagen 
Railway use for the construction of the 
turnout curve, curved crossings. The 
radii are 190 m., 300 m. and 500 m. 
(9 1/2, 15 and 25 chains). With curved 
crossings, the same gauge is given to the 
deflected track as for the same curyes 
in the other turnouts. 

As a general rule the grooves have the 
same widths in the through road and the 
turnout road. In the crossing, the small- 
est width of groove is 40 mm. (1 37/64 
inch) (on the Dutch East Indies State 
Railways and the Norwegian State Rail- 
ways) and the greatest is 50 mm.(1 31/32 
inches) (on the North of Spain Rail- 
ways, the Madrid - Saragossa - Alicante 
Railways and the Portuguese Railways) ; 
most commonly the width of the gap is 
from 44 to 45 mm, (1 47/64 to 1 49/64 
inches). At the check rail the smallest 
width of gap is 40 mm. (1 37/64 inches) 
(on the Norwegian State Railways) and 
the greatest is 50 mm. (1 31/32 inches) 
(on the North of Spain Railways, the 
Madrid-Saragossa-Alicante Railways and 
the Portuguese Railways). Most often a 
width of groove of 41 mm. (1 31/64 
inches) is used. 

In constructing the crossings, the ma- 


: jority of the administrations make allow- 


pee Oe eS ee eee? SS eee | a ~: 


ance for tyres which have reached their 
Jimit of wear; a few only have not adopt- 
ed this practice. 

The wing rail raised from 4 to 6 mm. 
(5/32 to 15/64 inch) relatively to the 
nose of the crossing is to be found only 
on the Danish State Railways, the 
Swedish State Railways, the Swedish 
Bergslagen Railway and the Madrid-Sa- 
ragossa-Alicanle Railways. 

Several administrations also use move- 
able wing rails, controlled by spring 
pressure. 

While on the Norwegian State Rail- 
ways crossings built up of rails are in 
use exclusively, some of the administra- 
tions only use crossings with a special 
steel nose (cast steel, manganese steel or 
forged steel); the others use both types. 

The shortest length of rail in turnouts 
is 1.50 m. (4 ft. 11 in.) (Portuguese Rail- 
ways) and the longest 8.25 m. (27 ft. 
1 in.) (North of Spain Railways). The 
shortest length of crossing V-piece is 
2.25 m. (7 ft. 4 19/32 in.) (Grangesberg- 
Oxelosund Railways) and the greatest is 
5.55 m. (18 ft. 2 33/64 in.) (North of 
Spain Railways). 

In order to avoid rapid wear, the 
crossing noses are made of a special 
steel (most frequently manganese steel), 
or the nose and wing rails are provided 
with hardened rolling surfaces. Other 
measures taken with this object are the 
housing of the extended nose in the fish 
plate seat of the wing rail, accompanied 
by reduction of the width of the gap in 
the crossing from 49 to 44 mm. (1 59/64 
to 1 47/64 inches) (on the German State 
Railways), the raising of the wing rail 
or the use of moveable wing rails. As 
regards permissible wear in height of 
the nose of the crossing and of the wing 
rail, maxima given vary between 5 and 
15 mm. (25/128 and 19/32 inch). Econ- 
omic considerations here seem to out- 


weigh safety and smoothness of running. — 


With few exceptions the administra- 
tions also make use of double curve 
turnouts, While in Sweden double curve 


_from 25 to 40 km. 


turnouts springing from the inside of the 
curve are used only, the other adminis- 
irations, with the exception of the Swiss 
Federal Railways and the Finish State 
iailways make use of double curve turn- 
outs on both the inside and the outside 
of curves. 

For turnouts situated in a running 
road curve with fast trains running over 
the deviated line the superelevations 
which are the rule, under the same con- 
ditions for the through lines are normal- 
ly used. The Swiss Federal Railways 
use only 2/3 of the normal supereleva- 
tion. The North of Spain Railways do 
not allow any superelevation for turn- 
outs on the outside of a curve, on ac- 
count of the false superelevation or the 
lowering of the outer line of rails in the 
branching off road; the Swedish State 
Railways are content with mentioning 
the difficulties which arise at turnouts 
on the outside of a curve. There are only 
a few administrations who do not proy- 
ide any superelevation with turnouts. 

As lateral wear of the rails at double 
curve turnouts, two railways alone in- 
dicate maximum figures of 3 and 5 mm. 
(15/128 in. and 13/64 in.). In general 
there are no fixed requirements in this 
respect. 

The smallest angle adopted for cross- 


over roads and slip points is com- 
prised between 6° 20’ 25” (inclination 


1 in 9) and 4° 45’ 49” (inclination 1 in 
12). The maximum speed at the turn- 
out, a speed which, it is true, depends 
only upon the radius of the curve, is 
(15.5 to 25 miles) 
per hour. 

As maximum angle for @ cross-over 
road the Dutch East Indies State Rail- 
ways allow 90° = 1 ino. On the Ger- 
man State Railways the greatest angle 
in slip points is 1 in 6.6 and in the run- 
ning lines it is 85° = 1 in 0.0875, 

The other administrations authorise 


for slip points a maximum inclination of 


1 in 7.5 to 1 in 9, with the exception of 
the Dutch East Indies State Railways 
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Slip points in which the tongues 
are situated outside the crossing dia- 
mond are used by several adminis- 
trations, for example with a _ radius 
R = 180 m. (9 chains) by the Nether- 
lands Railways, with R = 190 m. (9 1/2 
chains) by the Norwegian State Rail- 
ways, the Bergslagen Railway and the 
German State Railways, with a radius 
of R = 208 m. (10.4 chains) by the 
Dutch East Indies State Railways. and 
R = 204 m. (10.2 chains) by the Swiss 
Federal Railways, and finally with a ra- 
dius R = 300 m. (15 chains) by the 
German State Railways. 

Slip points with moveable noses at 
the double crossing are not generally 
used. 

Steel sleepers are only used for turn- 
outs by the Dutch East Indies State Rail- 
ways, and the Swiss Federal Railways ; 
the German State Railways also ordinar- 
ily use steel sleepers, but use timber 
ones for the most important lines carry- 
ing international traffic and long-dis- 
tances fast trains. The other adminis- 
trations make use of wooden sleepers 
exclusively. 

The reasons advanced in favour of 
steel sleepers for turnouts are: rapid 
‘and accurate laying, perfect and easy 
maintenance of the correct gauge, great- 
‘er safety and better standard of upkeep. 
Timber sleepers are generally used in 
turnouts when they are also standard in 
the running roads. It is argued that 
they make the running more elastic, and 


consequently more agreeable, Other rea- 


_ sons mentioned in favour of their use 
are: the abundance of timber in a coun- 
try, reduced establishment charges and 
the possibility of insulating the rails on 
electrified lines. YE oA 

es ifn For the purpose of deciding upon the 

a maximum speed through turnouts, no 
— difference is usually made between con- 
‘ nections placed on timber sleepers or 
x on metal sleepers. In the through line, 


ways be run over in either the facing 
or the trailing direction at the maximum 
speed authorised for the open road. 
The maximum speed for the curved 
branching off line is fixed by a number 
of administrations solely according to 
the radius of the curve, without concern- 
ing themselves about the absence of su- 
perelevation. The greater number of the 
administrations take into account the 
features described above, namely the 
curve of the turnout compared with the 
curve in the open road, by making the 
maximum speed for the turnout curve 
sensibly less than that allowed for the 
curve of the running road. A compara- 
tive statement of the maximum speed 
authorised for turnout curves and the 
effects thereof will be found in the fol- 
lowing table. In order to facilitate the 
comparison we have calculated and 
inserted in it the value of the accelera- 
tion, investigated in the chapter « Sup- 
erelevation » : 2 
72 


— 12.968 


and the value of the change of the ac- 
celeration examined in. the chapter 
« Transition curves and superelevation 
inclines »: 


PA 


Vs 
\ ene, 
46.66 Ra 


on the assumption of a total wheel base 
a=15 m. (49 ft. 2 1/2 in.) (for the lo- 
comotives or coaches of fast trains), 
with the assistance of the particulars 
furnished by the different administra- 
tions on the subject of the radii of turn- 


out curves and the speed over these 
curves. 


It will be observed from this table 
that the Dutch East Indies State Rail- 
ways reach the highest values for P 
and Y. The value V2 = 13.89, being very 
high for a turnout curve without any 


superelevation, of radius R = 180 m. 


(9 chains), the degree of stability of 
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Values of pA and W. 


R Vmax V?max Vmax pA= _V? max = _V*max 
Administrations. F kin. R VR 12 20K mec ooKa 
epee (miles) m. (feet) m. (feet) 
(chains) per hour per sec? per sec 
Dutch Indies State Rys . . | 400 (20) 70 (48.5)| 12.25 3.50 | 0.95 (3.72) | 4.23 (4.03) 
180 (9) 50 (32) 13.89 3.73 | 4.07 (8.52) | 0 99 (3.25) 
Netherlands Rys . . . . | 1 200/60) 100 (62) 8.33 289 | 0.64 (2.10) | 1.49 (3.90) 
600 (30) 75 (46.6)| 9.88 3.06 | 0 72 (2.36) | 1.00 (3.28) 
Bergslagen Ry . 245 (12 1/4)| 50 (82) 10.24 3.20 | 0.80 (2.62) | 0 74 (2.43) 
German State Rys. . . . | 500(25) 60 (37.3)| 7.20 2.68 | 0 56 (1.84) | 0 62 (2.03) 
. 190 (9 2/2) | 45 (28) 10.66 3.26 | 0.82 (2.69) | 0.68 (2.23) 
Danish State Rys . . . . | 500(25) 60 (37.8) | ~7.20 2.68 | 0.56 (7.84) | 0.62 (2.03) 
330 (16 1/2) | 45 (28) 6 44 2 48 | 0 47 (1.54) | 0 40 (2.84) 
“Norwegian State Rys. . .[ 190(9 4/2) | 40 (25) 8.42 2.90 | 0.65 (2.13) | 0.48 (2.57) 
Finnish State Rys . 295 (143/4)| 35 (27.7)| 4.45 2.04 | 0.82 (1.05) | 0.24 (0.69) 
North of Spain Rys 230 (14 1/2) | 20 (12.4) 0.43 (0.48) | 0.05 (0.16) 


the compound four-cylinder 4-6-2 loco- 
motive, series 24, in which the centre 
line of the boiler is situated at 2.30 m. 
(7 ft. 6 9/16 in.) above rail level (cf. 
the first part, « Vehicles, Chapter II: 


Height of the centre of gravity and sta- 


bility of the locomotive ») drops to the 
figure of n = 4 approximately. The ab- 
sence of any superelevation and of a 
transition curve must therefore sensibly 
detract from the safety of running of 
the locomotive as well as from the 
comfort of the journey in the carriage. 
In this connection we return to the 
very complete researches of Dr. Uebel- 
acker (1) who has investigated, as an 


(1) Dr. UEBELACKER: Uber die Massewir-. 


; -kungen bei pliétzlichen Richtungsiinderungen 

‘im Lauf von Eisenbahnfahrzeugen » (The ef- 
fects of mass when sudden changes of direc- 
tion occur in the running of railway vehicles), 
Organ. fiir die Fortschritte des Hisenbahnwe- 
~ + gens, No. 11, 1st June 1930. 


example, the running of a 4-6-0 express 


locomotive on a curve of radius 


R = 300 m.—@5 chains) and with—a 
superelevation h = 0.10 m. (3 15/16 in.), 


without transition curve. The result of 


this investigation is summarised as fol- 
lows: « The maximum speed of V= 
65 km. (40.4 miles) per hour for the 
entry of a locomotive into a curve on 
the running road [of radius R = 300 m. 
(15 chains)] without transition curve, 
may therefore be regarded as very high. 
It appears singular also that in the re- 
gulations relating to maximum speeds 
authorised on curves, no difference is 


-made between the existence or the ab- 


sence of a transition curve. Now, the 
measure of the degree of suddenness of 
the change of direction at the entry to 
a circular curve, and above all at the 
exit from a circular curve without a 
transition curve and-superelevation is 
given by ¥ which, for a total wheel base 


a= 9m. (29 ft. 6 3/8 in.) approximate- 
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ly, of the 4-6-0 express locomotive, would 
reach a value 
V3 653 
yy —e_——S- == s— ————————— 
4666 Ra 46.66 - 300.9 
= 2.18 m. (7.15 feet) per sec’. 


The same value would be obtained, for 
a superelevation of h=100 mm. (3 15/16 
inches), from the equation 


V2 h . 
pa V io 96 R ae 
re ~ arts 


sete 36.(1 2. 12:98 4 
. S=~— ee =e a 
| i5g | = ¥ 
0 434 . 65 


= = 2.18 misec? 
3.6-04-9.0 t 


on denoting by ¢ the ratio of 


v2 h v2 
12.96R 153 12.96 R 


which takes account of the change of 
acceleration. On the assumption of a 
total wheelbase of the locomotive of 
a=9m. (29 ft. 6 3/8 in.) approximate- 
ly, the maximum value of Y in the ap- 
pended table becomes 


= 2.05 m. (6.72 feet) per sec3 


and therefore has a value only slightly 
below that obtained in Dr. Uebelacker’s 
numerical example. The maximum ad- 
missible speed for turnout curves with- 
out either transition curves or super- 
elevation may be computed with the 
aid of the particulars given above sv 
long as the data have been fixed re- 
latively to the value y, and to the small- 
est overall wheelbase @ of the express 
locomotives. The equation to be ap- 
plied is then 


oooe-_ 
Vonae = 3.6 VR ca: YW, 


The results of any calculations and 
experiments which may have been made 
on the subject of this important maxi- 
mum value of Y, on which depends 


safety of running over curves, have not, 
so far as is known, been made available 
up to the present. However, the inter- 
pretation of certain experimental results 
enables the conclusion to be drawn that 
it would not be desirable to exceed the 
maximum value of ¥Y =2 m. (6.56 ft.) 
per secé, 

As a means of increasing the speed 
over turnout curves the gradual increase 
of the radius of the curve is recommend- 
ed above all, but the difficulties pre- 
sented by the construction of long 
tongues and small inclines for crossings 
have not yet been solved. In addition, 
we consider as being pertinent to this 
ebject a good lateral support of the 
point rail against the stock rail with 
the use of stops un the latter, the adop-. 
tion of gaps as narrow as possible and 
the more rigid anchoring of the stock 
rails. 

The preceding considerations may be 
summarised as follows : 

The turnout curve is inferior to the 
curve of the running road. It is true 
ihat by its foundation il is able to offer 
a grealer resistance to changes of level 
and of curvature than the curve of the 
open road, but several objections arise 
to counterbalance this advantage : ab- 
sence of a transition curve, angle of in- 
cidence, or of intersection of the cross- 
ings, interruption of the rolling surface 
of the outer rail at the nose of crossing, 
lowering or reduction of the superelev- 
ation on the side of the crossing, guid- 
ing effect transferred from the outer 
wheel to the inner wheel at a small 
change of angle, finally multiplication 
of the points of shock due to the short 
sections of rail or to crossings of small 
length. The use of tangent tongnes with 
a small angle of incidence and the 
prolongation of the junction curve 
through the crossing, with narrowing of 
ihe grooves, constitute important im- 
provements, An extended stock rail, 
with entry ramps inclined as gently as 
possible, may sensibly improve the guid- 

. ~ 1 
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ing of the leading pair of wheels and 
make it safer. Since the speed must be 
less over turnout curves, without either 
superelevation or transition curves, ow- 
ing to the increased acceleration pA and 
the change of acceleration Y. than on 
curves of the open road, with both su- 
perelevation and transition curves, the 
increase in the radius of the curve alone 
_ provides a means for increasing the 
speed over the curves of turnouts. Dou- 
ble symmetrical turnouts enable the ra- 
dius of the curve to be made double 
that of a simple turnout, the construc- 
tion being in other respects identical : 
they are therefore particularly suitable 
jor high speeds while retaining safety. 


CHAPTER VII. 
Check rails. 


Check rails, that is to say the rails 
by means of which on curves of the 
open road the guiding of the leading 
pair of wheels is transferred from the 
outer wheel to the inner wheel, are 
generally used mainly for reasons of 
safety; further they are also intended 
to reduce the lateral wear of the outer 
rail. However, as we have already ex- 
plained in the preamble, check rails can 
only provide a limited protection against 
derailments. In this respect, the rela- 
tion which exists between the shape of 
the check rail and that of the flange 
plays a decisive part. 

In points and crossings, the check 
rail has the function of imparting pro- 
gressively to the wheels and axles a 
transverse displacement, so that where 
the continuity of the top of the rail is 
broken, the flange of the outer rail is 
kept clear of the nose of the crossing 


and cannot reach the groove of the 


crossing.» A surprising fact is that the 
check rail in turnouts, where in fact, 
the least radii of curves are to be met 
with, is continued over a very short 
~ Jength.. The normal width of the groove 
is most often 41 mm. (1 39/64 inches) ; 
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it is exceptionally from 44 to 45 mim. 
(1 47/64 to 1 49/64 inches), for check 
rails in turnouts and crossings of stand- 
ard gauge railways. For narrow gauge 
tracks [1.067 m. (2 ft. 6 in.)] the Dutch 
East Indies State Railways use grooves 
34 to 37 mm. (11/32 to 1 25/64 inches) 
wide; for the broad gauge tracks [1.674 
Me. and 1665em- (5: ft. 6 in. and 5ift 
35/64 in.) | the North of Spain Railways, 
the Madrid-Saragossa-Alicante Railways 


and the Portuguese Railways use a 
groove width of 50 mm. (1 31/32 in- 
ches). 


In curves of the open road the groove 
width depends upon the superelevation 


provided; for railways of standard 
gauge, it generally varies, between 


41 mm. (1 39/64 in.) + gauge widening 
and 65 mm. (2 9/16 in.). The German 
State Railways have fixed, for curves 
in the open road of radius R = 200 m. 
(10 chains), the width of groove at 
50 mm. (1 31/32 inches), on account of 
the small superelevation of these curves. 

The Dutch East Indies State Railways 
[gauge of 1.067 m. (3 ft. 6 in.)] use a 
groove width of 65 mm. (2 9/16 inches) 
for a radius of curve R= 150 m. (7 1/2 
chains) and of 60 mm. (2 23/64 inches) 
for R= 200 m. (10 chains). 

The Portuguese Railways [gauge of 
1.665 m. (5 ft. 5 35/64 in.)] adopt the 
following groove widths : 


61 mm. (2 13/32 inches) for a radius 
of curve R> 1000 m. (50 chains}, 

76 mm. (3 inches) for a radius of 
curve R = 990 to 401 m. (49.5 to 20.05) 
chains), 

86 mm. (3 25/64 inches) for a radius 
of curve R < 400 m. (20 chains). 


The check rails in turnouts are nearly 
always superelevated relatively to the 
running rail. For diamond crossings 
the superelevation is normally greater 
than for simple crossings. The super- 
elevation varies from 7 to 50 mm. (9/32 
inch to 1 31/32 inches); for diamond 
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crossings, in particular, it is between 
30 and 50 mm. (1 3/16 and 1 31/32 in- 
ches). The German State Railways 
superelevate the check rail in simple 
crossings, 20 mm. (25/32 inch), and in 
diamond crossings 45 mm. (1 49/64 in- 
ches) relatively to the running rail. 
The tolerances relative to the width 
of the groove are fixed in very different 
ways by the various railway adminis- 
trations. Their limits are comprised 
approximately between +2 mm. (+5/64 
inch) and +6-mm. (+ 15/64 inch). 
For diamond crossings in level inter- 
sections and junctions only compara- 
tively small tolerances may be allowed, 
for reasons of safety. Adopting this 
point of view, the German State Rail- 
way has authorised for this case a toler- 
+ 2 (+ 5/64 inch) 
ance of cee mm. (5/128 inch) 
and allow for all other cases tolerances 
a (+ 25/128 inch). 
Or 2. Ss ede 
Amongst the administrations which 
have replied to the questionnaire, there 
are only four which use check rails in 
curves of the open road. The Nether- 
lands Railways have restricted the use 
of these check rails to the principal 
electrified lines, where they are in use 
for curves of radius R < 600 m. (30 
chains). The German State Railways 
limit the use of check rails to curves 
of R < 300 m. (15 chains). The Danish 
State Railways have adopted similar 
practice, but also use check rails for 
curves of large radii on embankments, 
On the Dutch East Indies State Railways 
the use of check rails is the rule for 
curves of radius R=150 m. (7 1/2 
chains) and R= 200 m. (10 chains). 
The opinions of the railway author- 
ities differ on the subject of the increase 
in train resistance due to check rails. 
Without any doubt, check rails increase 
the train resistance and tend towards 
a reduction of speed because the inside 
wheel, with its point of pressure carried 
further forward and its inner face or- 


only 


dinarily not very smooth, takes up its 
function of guiding with greater resist- 
ance. However, the increase in the 
train resistance is not in any case suf- 
ficiently great for it to be noticed in 
practice by any decrease in the speed, 
especially when only short sections of 
track with check rails are concerned. 
On the other hand, the generally ad- 
mitted greater safety against derailment 


is not judged sufficient to lead, on this | 


assumption, to greater speeds in sec- 
tions equipped with check rails. Check 
rails are used on down gradients, on the 
jevel and on rising gradients by the 
Danish State Railways, the Netherlands 
Railways and the Dutch East Indies 
State Railways. The German State Rail- 
ways employ check rails only for 

tracks traversed solely on the down 
grade, 

tracks traversed principally on the 
down grade, if local conditions require 
such provision, 

tracks on the level immediately con- 
tinuous with fairly long sections on the 
down grade. Most frequently the check 
rails are continued through the tran- 
sition curve into the straight alignment. 
No definite length for continuation into 
the straight is fixed; the Netherlands 
Railways alone fix this length at 6 m. 
(19 ft. 8 1/4 in.). The Dutch East In- 
dies State Railways extend the check 
rails through the transition curve, for 
a curve of radius 


R= 150 m. (7 1/2 chains) up to the 
tangent point, and for 


R= 200 m. (10 chains) up to a point 


on the curve at a distance of 5 m. (16 ft 
5 in.) from the tangent point. 


_ As advantages of the use of check rails _ 


in curves of the running road, greater 
security against derailment and reduced 
lateral wear of the outer rail are men- 
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tioned. In addition, the check rail 


forms a transverse bracing of the whole 4 


of the track which resists deformation — 
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of the curves or, in other words, alter- 
ation of the curvature. As disadvant- 
ages, there are mentioned a_ greater 
train resistance and a greater initial 
cost of construction. But in a generai 
way the opinion is held that the ad- 
vantages outweigh the disadvantages. 

Guard rails, that is to say rails fixed 
on the inside of the track against which 
the wheels only come into contact in 
the event of derailment, are used gener- 
ally on bridges exceeding a certain 
length. Some of the authorities who 
have replied also provide them at very 
busy level crossings. The German State 
Railways in addition use guard rails at 
situations where it is desired to prevent 
derailed vehicles from dropping down 
or to provide bearings for scotches to 
prevent the vehicles moving. 

The width of the groove formed by 
the guard rails on bridges is generally 
between 150 and 250 mm. (5 29/32 in- 
ches and 9 27/32 inches), more rarely 
70 mm. (2 3/4 inches); it varies from 
50 to 60 mm. (1 31/32 inches and 2 3/8 
inches) at level crossings. ; 

On the majority of the systems which 
have replied, the guard rail is fixed at 
the same level as the running rail; in a 
few instances only it is placed from 20 
to 50 mm. (25/32 to 1 31/32 inches) 
higher. 

With the exception of one railway, no 
case can be described in which a serious 
accident has been avoided through the 
presence of guard rails. The Nether- 
lands Railways are unique in quoting an 
instance where a goods wagon which 
had become derailed just short of a big 
_ bridge was prevented by the guard rail 
from striking the beams of the bridge. 
As a summary, the following may be 
said : é 

Check rails can increase the safety 
against derailment on curves, if their 
profile and that of the wheel flange are 
of correct mutual design. They reduce 
the side wear of the outer rail; more- 
over, they brace the track as a whole 


lransversely and thus resist alterations 
in curvature. Check rails in turnouts 
are generally higher than the running 
rail. Although the centre of pressure 
of the inner guiding wheel, located with 
this guiding effect on the inside face of 
the wheel, is transferred further for- 
ward, safety against derailment is in- 
creased, thanks to the slightly inclined 
surfaces of contact between the inner 
face of the wheel and the check rail. 

Guard rails, intended to restrict as 
much as possible the effects of derail- 
ments, serve to improve security on 
bridges of a certain length or at places 
where it is desired to prevent the ve- 
hicles falling or colliding with an ob- 
stacle. 


C. — SUMMARY. 


The immunity of vehicles against de- 
railment pre-supposes the carrying into 
effect of certain hypotheses relative to 
the construction and maintenance of the 
vehicles and of the track. As a result 
of long years of experience the essential 
precautions to ensure safety of the roll- 
ing stock are known. There are still 
certain unknown factors in the deter- 
mination by calculation of the condi- 
tions to be met in order to obtain this 
safety, and this not only in the domain 
of high speeds, which question If] put 
to the reporters ought to help to elucidate. 
For moderate speeds and with uniform 
guiding effect, the problem may be con- 
sidered with reasonable approximation 
as being ‘of a purely static order. In this 
case, it is the custom to consider the 
safety of running as ensured when the 
static guiding pressure does not exceed 
a given multiple of the static pressure 
of the guiding wheel, although it is ne- 
cessary also to take account of the 
length of the lever arm by means of 
which the guiding pressure causes ro- 
tation about the « friction centre > of 
the vehicle or of the part of the ve- 
hicle rotated by this pressure. Now, in 
the case of irregularities in the track, 
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particularly in its alignment, and at motives and steam tank locomotives 


high speeds, dynamic forces also enter 
into action. The guiding pressure is 
then equal to the sum of the « frictional 
guiding pressure » and of the « guiding 
pressure of the mass » and the vehicle 
no longer pivots about the friction cen- 
ire, but about an axis of rotation situated 
generally further in the rear. 

It is now easy to understand that the 
reporters have taken as the principal 
object of their questions to the railway 
authorities and of the use to be made 
of the replies received: 1. in so far as 
the vehicle is concerned, the method of 
support, the adaptation to irregular 
track surface, and the guiding effect; 
2. in so far as the track is concerned, ail 
which normally ensures steady support 
and guiding of the vehicle in a general 
manner. As a result of what the parti- 
culars, on which the report is based, 
have revealed on the matter as a whole 
and of what the consideration of the 
problem supported by calculation has 
taught us, we may say to sum up, either 
as a statement of fact or in the nature 
of a recommendation, the following : 


a) In so far as the vehicles are 
concerned. 


The whole of the running gear of 
steam locomotives, tenders, and electric 
locomotives and the couplings which 


unite the parts of the vehicle must be- 


so arranged that turnouts and curves 
ean be run through without restriction. 

In agreement with the majority of the 
administrations, we recommend that the 
fullest use should be made of 4-wheeled 
bogies for guiding purposes, that the 
longitudinal axis of the vehicle should 
be guided solely by the front bogie cen- 
tre and that the greatest possible guided 
length should be employed. 


When the guiding effect is dependent 
upon a single pair of wheels, strong cen- 
tring devices are required, — The design 
of the under-carriages of electric loco- 


should be such that they are capable of 


running equally well in both directions ~ 


and they should be given a long rigid — 


wheel base, which may come into play — 


when guiding by a single pair of wheels 
is insufficient. 

All vehicles for fast trains should only 
be designed as bogie vehicles with bo- 
gies fitted with bolsters. 

In the modern types of bogie having 
triple suspension, the once common sys- 
tem using transverse springs has been 
replaced by that in which the spring are 
arranged longitudinally. Advantages 
long wheel base, longer springs, steadier 
running, better accessibility. 

Double suspension bogies (American 
type) have bearing springs disposed 
transversally only. 

There is an undeniable tendency to- 
wards the use of longer wheel bases than 
in the past, for carriage bogies. The 
four-wheeled bogies of the triple-sus- 
pension variety have a wheel-base of 
3.60 m. (11 fl. 9 3/4 in.), the double sus- 
pension bogies of the American type 
have reached, in the design in use upon 
the Netherlands Railways, a wheelbase 
of 3m. (9 ft. 10 1/8 in.). 

Four and six-wheeled coaches can be 
used without hesitation for high speeds 
only if they are built with a long wheel 
base and if the wheels carry sufficient 
load. From the point of view of smooth 
riding, these vehicles are inferior to 
bogie coaches, and, were it for this 
reason alone, the majority of the ad- 
ministrations prefer not to use them for 
high speeds. 

Buffer pressure on one side is avoid- 
ed by compensating gear, and mutual 
oscillations of the vehicles by tight 
coupling. ; 

On all sides great importance is at- 
tached to the periodical inspection of 
the vehicles, either at the end of a fixed 


term of service, or after a certain dis- 


tance has been run. 


On the subject of the method of ae 3 
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port, the following is worthy of notice : 
out of the 30 steam locomotives men- 
tioned, 9 (30 %) are supported on 
3 points, 6 (20 %) on 4 points, 2 (6.7 %) 
on 5 points and 13 (43.3 %) on 6 points. 
14 locomotives are supported in 2 planes 
and 16 in 3 planes. 

Out of the 30 locomotives, 27 (90 %) 
have bogies with two pairs of carrying 
wheels and one locomotive has a Krauss- 
Helmholtz bogie at the leading end. 
2 locomotives .are fitted with pony 
trucks. 

Among the bogies of the 28 locomo- 
tives, 10 (35.7 %) have the method of 
support characteristic Ce, 3 (10.7 %) the 
characteristic Cme, 6 (21.4 %) the Gs, 
4 (14.3 %) the Cm’s and 3 (10.7 %) the 
Cm’l. In the case of 2 locomotives the 
category is not known. 

None of the bogies has a transverse 
equaliser at the front end; the method 
of support characteristic Cv is not re- 
presented amongst these steam locomo- 
lives. 

Out of the 14 electric locomotives 
mentioned, 3 (21.4 %) are supported on 
3 points, 8 (57.1 %) on 4 points, 
2 (14.3 °%) on 6 points, and 1 (7.2 %) 
is supported on 8 points. 64.2 % of the 
locomotives are carried in 2 planes, 
21.47 % in 3 planes and 14.34 % in 
4 planes. : 

Among these 14 electric locomotives, 
3 (21.4 %) have at both ends, and 3 at 
one end, four-wheeled carrying bogies; 
of these 6 bogies, 4 (66.6 %) have the 
support characteristic Cv and one 
(16.7 %) each the Ce and Cme. 

The 3 locomotives fitted with bogies 
at one end only have pony trucks at the 
other end. 

Among the 14 — 6=8 remaining lo- 
comotives, 3 (21.4 %) have bogies with 
one pair of carrying and one pair of 
driving wheels, 4 (28.6 %) have a Bissel 
truck at each end, 1 locomotive (7.2 %) 
has no pair of carrying wheels and the 
guiding is ensured by the six-wheeled 
motor bogies. 


Hight-wheeled tenders should be car- 
ried on two four-wheeled bogies. 

In general, the leading bogie wheels 
of steam locomotives are less heavily 
loaded than the driving and coupled 
wheels. The leading pony truck wheels 
of steam and electric locomotives are 
less heavily loaded to the extent of 
21:8 % than the coupled wheels and 
axles which follow them. 

The driving and coupled wheels of a 
steam or electric locomotive are equally 
loaded. 

The trailing carrying wheels of steam 
locomotives are generally little more 
ligthly loaded than the coupled wheels. 

In the case of all the administrations 
consulted, the water and coal spaces are 
so designed that the ratio between the 
wheel loads of the tender vary as little 
as possible relatively to one another as 
the quantities carried change. 

For steadiness in running, the posi- 
tion as regards height of the centre of 
sravity is very important, as a high 
centre of gravity is favourable to smooth 
running. The question of safeguarding 
the stability on curves concerns in the 
first place the permanent. way engineer 
and in the second place the operating 
enginecr. The vehicle is necessarily 
constructed to meet the requirements it 
has to fulfil. From the point of view 
of sufficient static load on the leading 
wheels, the locomotive should be sup- 
ported in two transverse planes and in 
consequence be carried on 3 or 4 points. 
In the case of locomotives, no more than 
4 points of support should be employed 
unless the design necessitates some dif- 
ferent arrangement. If they must be 
supported on 5 points this should be 
done by means of a_ spherical bogie 
centre. 

As immunity against derailment de- 
pends so much on the bogie, it should 
be designed to support the main frame 
in two or three transverse planes and 
to ensure there should be no variation 
in load on its 4 wheels, or at the least 
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on the wheels of the leading axle, 
whilst travelling over uneven sections 
of track or over defective points. 

It is easy to appreciate, by means of 
the explanations and diagrams relating 
to the characteristics of the bogie, which 
types of bogies should be used from the 
static point of view and what is the 
significance of the ratio between the 
flexibility of the main bearing springs 
and that of the bogie bearing springs. 
The play of the axle boxes in the axle 
box guides should be sufficient to ensure 
that the wheels and axles do not stress 
the frame when running over uneven 
sections of track. As inequalities in 
level of the track are inevitable, the 
axles must be able to take up relatively 
to the horizontal, an inclination of at 
least 1 in 60.. 


The considerations from 
have built up the equation 


, nh? 
Pe ere 
Q = 1+ cotan « 


given in Chapter IV of Part I (Vehicles) 
of the report, have shown that security 
against derailment is very great, for 
small striking angles, that it diminishes 
at first rapidly when the striking angle 
increases, then very little for the big 
striking angles, and approaches as an 


— On 
1+ cotana 

the other hand, we have also shown that 
the angle « of the flange has to be con- 


which we 


asymptote to the value 


sidered from an economic aspect and. 


that, without the static security against 
derailment being affected, this angle 
may, in certain cases, be made less than 
60°. Trials are at the present time being 
made with wheels with flanges at an 
angle of 54° only. 

When considering the centring de- 
vices of guiding bogies, the great value 
of spring devices has been brought out 
and the fact that their principal object 
is « elastic guiding » has been shown as 


being indispensable if the bogies are to 
adapt themselves with certainty to track 
irregularities. Taking a modern type of 
bogie as example, we have shown how 
important it is to limit the magnitude 
of the centring forces in order that the 
guiding pressures should not assume 
disturbing proportions. We have ex- 
plained that « bolsters >» are not so ef- 
ficient as spring centring gear and that 
helical springs are not to be recommend- 
ed in the centring gear of guiding bogies. 

The hope that the administrations con- 
sulted might make some useful contri- 
bution towards the numerical determin- 
ation of the dynamic forces acting on 
the leading wheels was not realised. 
We have shown what were the difficul- 
ties and explained, by reference to their 
work, how Dauner and Uebelacker had 
tackled the problem. We perceive that 
notable progress has been made in the 
determination of the « reduced mass >». 
If special centring devices are not used, 
difficulties are occasioned by the value c 
of the « elastic flexibility » needed for 
determining the guiding pressure of the 
mass to be introduced with the fric- 
tional guiding pressure into the ratio 
Y: Q indicated above. 


A short note on trials on the German 


State Railways reveals the fact that a 
start has keen made in measuring the 
forces Y and Q on the vehicle in motion. 

The locomotive ought to be capable 
of being guided by small turning forces 
(Richtkrafte). As a criterion of secur- 
ity against derailment we may consider 
the equation 


Y 
Q 1+ cotan « 


where Y is the total guiding pnéssune 


and Q the load on the leading wheel. 

It is desirable that high-speed locomo- 
tives should have leading bogies with 
either two pairs of carrying wheels or 


one pair of carrying and one pair of 
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coupled wheels; but the latter variety 
should be only employed if, as in the 
Krauss-Helmholtz and other © similar 
types, the tractive effort of the coupled 
pair of wheels does not tend to increase 
the striking angle of the leading pair of 
wheels. The axis of rotation of the bo- 
gies ought to be located between the 
two bogie axles. 

Leading bogies of the Java type, how- 
ever, formed of one pair of carrying and 


- one pair of coupled wheels mounted 


- on the 


in their own frame, with the axis of 
rotation situated to the rear of the 
coupled axle, have given, with about one 
exception, every satisfaction. 

The pressure of the flanges of the 
leading wheels ought to be as small as 
possibie. In consequence, the interme- 
diate driving wheels and axles should 
be provided with sufficient lateral play 
to prevent them from exerting any la- 
teral pressure on the locomotive frame. 

Pony trucks are generally hardly suit- 
able for guiding high-speed locomotives. 
When they are used, it is necessary to 
pay very special attention to the cen- 
tring gear. 


It is desirable for the guided length ~ 


to be as great as possible. With a long 
guided length the main frame is not sub- 
jected to any stress when running 
through curves of large radius; more- 
over on curves of small radius, heavy 
turning and guiding forces are avoided. 


High-speed locomotives ought to be 
fitted, at the front end, with spring cen- 
tring gear. The initial and final loads 
springs ought not to differ 
greatly. A large amount of lateral play 
of the bogie may necessitate special 
forms of construction (cf.. Winterthur 
type). Laminated springs are the most 
suitable for the usual design of centring 
gear. Of centring gears with bolsters, 
those with roller bearing parallel links 
relatively meet the required object best. 


Modern electric long wheel base lo- 


- comotives are sometimes only guided in- 


directly by the coupled pairs of wheels 
(up to 4 pairs), these wheels being given 
side play. In such cases centring de- 
vices with laminated springs only must 
be used. 

Finally, we explained how, full ac- 
count being taken of the importance of 
having the best static support, bi-lateral 
support of the leading bogie with the 
object of combating transverse vibra- 
tions due to outside causes and, thereby, 
ensuring safety at high speeds, had to 
be recommended. 

A separate question is that of knowing 
if it is desirable, under these conditions, 
to give preference to the type of bogie 
with an equaliser at the forward end 
or the one with longitudinal compensat- 
ing springs. Both varieties are used on 
high-speed locomotives. 


b) So far as the track is concerned 


the following may be said in resumé, 
either as statement of fact or as recom- 
mendation : 

The relations between the speed, sa- 
fety of traffic, and the track show that 
on the straight the speed may be in- 
creased to any desired limit whatever, 
provided that the track in question has 
adequate strength, is well adjusted in 
line and level and firmly braced and 
rests upon permanently elastic ballast 
with a thorougly drained formation. In 
circular curves, it is necessary mainly 
to see to the uniformity of the radius 
of the curve, the superelevation, and the 
gauge, and to provide for the joining of 
the straight alignment and the circular 
curve by a superelevation incline of 
regular outline, whose gradient de- 
creases as the speed increases, because 
of the risk of derailment towards the 
outside, and coinciding as far as pos- 
sible, with the transition curve. The 
interposition of a transition curve ap- 
preciably reduces the risk of derailment 
towards the inside in the event of the 
maximum authorised speed being ex- 
ceeded. The value of the superelevation 
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plays a very important role in the pos- 
sible increase of the speed on curves. 
As regards questions of detail, our in- 
quiry has yielded the following results : 
The rails are generally designed ac- 
cording to different methods on the 
basis of the maximum wheel load, the 
spacing of the sleepers, and the speed. 
The weight of the rails in kgr. per 
metre, which bears a ratio varying only 
slightly with the moment of resistance 
of the rail section, depends in the first 
instance, despite the diversity of the 
methods of calculation, upon the wheel 
load and the spacing of the sleepers, as 
comparative computations have demon- 
strated. Long rails, fastened as rigidly 
as possible to sleepers on stone ballast, 
reduce the number of joints. The re- 
duction in the spacing of the sleepers, 
in particular at the joint, by the use 


_ of the double-sleepered joint, the separ- 


ate fastening of the rail of the sole 
plate and of the latter to the sleeper, 
ballast rammed or rolled, as thick as 
possible, on a well drained formation 
constantly dry, are the appropriate 
means to reduce twists and sags at the 
junction of the two running rails to 
such an extent that, even at high speeds, 
variations in the pressure on the wheels 
of the leading pair is kept within moder- 
ate limits. 

The numerous theoretical and prac- 
tical investigations published on_ the 
subject of gauge widening on curves 
have not resulted, up to the present, 
except to a limited extent, in any mo- 
difications of the regulations. However, 
the information which is available as 
to trials made with gauge increases of 
sometimes very small magnitude shows 
that attempts are being made to elucidate 
the effect of reducing» the gauge widen- 
ing. 


High speed and a high stantael of 


_ safety demand curves of as great a ra- 


dius as possible. Attention should be 
paid, to a greater extent than the re- 


‘the reduction of the lateral wear of the 


plies received appear to shew is the 
case, to the desirability of maintaining 
on curves, as far as possible, the maxi- 
mum speed authorised for straight align- 
ments. In many cases, this result may 
be obtained, without elaborate means, 
by increasing the radius of curves. At 
the same time, the economic aspect 
would undergo improvement. The 
greater the permitted superelevation, the 
more may the speed be increased on 
curves. The limit is regulated by the 
amount of superelevation which can be 
used in practice. Between two reverse 
curves, an intermediate straight aiign- 
ment does not appear to be necessary, 
provided thet long transition curves and 
gently graded superelevation inclines 
ensure the transit between the curve and 
the counter-curve. Between compound 
curves, it is expedient to interpose, in- 
stead of a straight, an intermediate curve 
of greater radius. When increasing the 
six-foot way of double lines at station 
approaches, curves of more than 10 000 
m. (500 chains) radii are recommended. 

With the object of maintaining the 
correct radius of curvature, it is helpful 
to use fixed reference marks. 

The decisive factors for the determin- 
ation of the superelevation are : 


1. The safety of working at high 
speeds of locomotives with a high centre 
of gravity. 


2. Steady running of the vehicles. 
3. Good economic results thanks to. 


outer rail. 


Researches made into the value of 
the superelevation corresponding most 
nearly to these conditions for standard 
gauge tracks have furnished proof that 
the economic aspect is the better safe- 
guarded when the superelevation figure 
approaches the more closly to the value 
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while in exceptional cases it may be 
made equal to 


72 


V2 
h = 8 — — 30. 
R 

For reasons cof safety, the value of the 
superelevation should not fall below 


To 
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In this manner, the superelevation be- 
Ve 
R 
is to say, of the normal acceleration, 
whilst up to the present most of the 


superelevation formule were based upon 
iF 


comes a function of the ratio , that 


a SV 3 
the ratio R that is to say, on the angular 


velocity. In calculating the supereleva- 
tion, the maximum permissible speed 
should be adopted as the value of V. 
‘The superelevation value h may also 
serve as a measure of that part of the 
acceleration p which is neutralised out. 
The effective acceleration for standard 
track is 


‘V2 h 
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Extended into a straight alignment, the 


first term of the right-hand side of the 
equation would disappear and at high 
speeds the acceleration would be re- 
versed, and consequently the force, and 
this is shewn in an unfavourable man- 
ner by the unloading of the outer lead- 
ing wheel. The smaller the supereleva- 
tion value h becomes, the greater the 
effective acceleration py grows. It in- 
creases uniformly if the transition curve 
and the superelevation incline overlap 
or if, in default of any superelevation, 
a transition curve has been interposed. 
In order to obtain steady running at 


high speeds, it is necessary, as a general — 


rule, that 


Pas 0.40 m. (1.31 feet) per sec?, 


whilst in exceptional cases, namely in 


XII --10 


curves of the open road and of turnouts 
without any superelevation, 


Pa — approx. 0.60 m. (1.97 feet) per sec? 


can generally be regarded as the limit- 
ing value for reasonable and sufficiently 
safe running. In actual practice, it is 
necessary to consider the fact that pa 
may increase materially as a result of V 
being exceeded and R and A being di- 
minished. 
and, in certain circumstances, the sta- 
bility are adversely affected thereby. 

The transition curve is intended to 
produce the progressive change in the 
velocity of rotation of a vehicle. On 
the cubic parabola, this rotation takes 
place with uniform acceleration. The 
change of acceleration 
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which depends essentially, all condi- 
tions being similar, upon the length l 
of the transition curve and the_ total 
wheelbase a of a vehicle, serves to 
measure the quality of a transition 
curve. The superelevation incline is 
usually sct out in a straight line. The 
gradient of the superelevation incline 
ought to be adjusted to such a relation- 
ship with the speed that the same period 
of time is always available for the ro- 
tation of the vehicle. We then obtain 
as a figure for the gradient ratio : 


Sisco 
: a. 10¥-— 

If the superelevation incline is longer 
than the transition curve, it is necessary 
to prolong it into the circular curve. 

The turnout curve is not so good as 


the curve in the open road. It is better 
designed, it is true, since it offers great- 


- er resistance to changes of level and of 


curvature, but this advantage is largely 
counteracted by numerous disadvantages: 


The steadiness in running 
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absence of the transition curve, angle 
of intersection or incidence of the 
tongues, interruption of the rolling sur- 
face of the outer rail at the crossing, 
lowering or diminution of the super- 
elevation at the crossing, guiding effect 
transferred from the outer wheel to the 
inner wheel at a small angle of flexion, 
finally multiplication of the points of 
shock due to short sections of rail or 
short crossings. The use of tangent 
switches with a small angle of incidence 
and the continuation of the junction 
lead across the crossing, with a lessened 
groove, constitutes a noteworthy im- 
provement. A long check rail with en- 
trance ramps inclined as little as pos- 
sible can appreciably improve and ren- 
der more certain the guiding of the 
leading pair of wheels. As in turnout 
curves without superelevation or tran- 
sition curve, through the increased ac- 
celeration p, and the change of accel- 


_ eration Y, the speed should be less than 


in curves on the open road, which are 


superelevated and provided with transi- — 


tion curves, the only means of raising 
the speed over turnout curves is to in- 
crease the radius of the curve. Double 
symmetrical turnouts permit of the use 
of a curve of radius double that in a 


simple turnout, the construction being 
otherwise identical. They are therefore 
particularly suitable for high speeds, at 
the same time as the safety is safe- 
guarded. 

Check rails in the open road decrease 
the liability to derailment on curves, 
provided that the shape of the check 
rail and that of the wheel flange are 
designed to suit one another. They re- 
duce the lateral wear of the outside 
rail, and besides, they transversely brace 
the track as a whole, and thereby resist 
any change in the curvature. Check 
rails in turnouts are generally raised 
above the running rail. Despite the 
transfer forward of the point of press- 
ure of the inner leading wheel, which 
is located with this guiding action on 
the inner face of the wheel, security 
against derailment is enhanced owing to 
the slight inclination of the contact sur- 
faces between the inner face of the 
wheel and the check rail. : 

Guard rails, intended to lessen so far 
as possible the effects of derailments, 
serve to increase safety on bridges ex- 
ceeding a certain length and at situations 
where it is desired to” prevent vehicles 


from dropping or coming into contact 
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Steam Rail Cars on the Egyptian State Railways, 


by W. D. KNIGHT, 


Deputy Chief Mechanical Engineer, Egyptian State Railways. 


et 
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The Egyptian State Railways is one of 
the few Administrations which con- 
tinues to favour steam for the power 
unit of its rail cars. 

Steam was selected in preference to 
Diesel and petrol because the employees 
of the repair shops and runnming sheds 
were more familiar with the mainten- 
ance and running of the simpler mechan- 
ism involved. 

The development of rail car services 
has however been carefully watched and 
information has been collected regarding 
the experience of railways that use other 
types of engines. 


Up to the present the information and 
data, so collected, has not been suffi- 
ciently convincing to commend any al- 
teration in the policy of using steam as 
the motive power for rail cars. 

Diesel oil is admittedly a cheaper fuel 
than coal. If selection rested on the 
cost of fuel consumption per mile a 
Diesel engine would certainly prove its 


superiority. 
Maintenance costs must however be 
considered. There is little doubt that 


an internal combustion engine, with a 
clutch transmission, is more expensive 
to maintain than a steam engine which, 
by reason of the expansive properties of 
steam, dispenses with the medium of a 
transmission and works at a lower 
speed; whilst the maintenance of a Die- 
sel-electric engine is the most expensive 
Therefore when maintenance is 
added to the cost per mile the economy 


effected by the use of Diesel oil is some- 
what depreciated. 

The most serious consideration how- 
ever is the capital cost. Rail cars propel- 
led by Diesel-electric engines cost from 
two to three times as much as steam 
cars; consequently when interest on ca- 
pital and depreciation are added to the 
cost per mile the economy of Diesel oil 
disappears. 

In comparing data obtained from other 
railways ‘one is confronted with diffi- 
culties in selecting a basis for compar- 
ison. 

Cost per car-mile conveys nothing. 
Some cars are much higher powered 
than others and some are heavier than 
others and the fuel consumption is in- 
creased accordingly. 

The cost per horse-power-mile sug- 
gests itself as a possible basis of compar- 
ison. Against this, is the fact that cars 
which are apparently required for simi- 
lar work vary considerably in H.P., so 
that, in the absence of information re- 
garding the reason for the high powered 
cars, the comparison might create-an in- 
correct impression. 

Seeing, however, that the seating ca- 
pacity of a car is a direct measure of 
its commercial value, and assuming that 
the H. P. of a car is a measure of its 
seating capacity, a basis for comparison 
might be sought in the cost per seat- 
mile. An objection to this, however, lies 
in the fact that cars which are designed 
for long-distance traffic require more 
comforts than cars which are intended 
for short runs. Also some railways are 
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obliged to allow a larger floor area per 
person than others, depending on the 
degree of comfort which the passengers 
have been educated to expect. 

On the whole the cost per ton-mile is 
probably the fairest basis of comparison, 
It may be assumed that the horse-power 
is more or less commensurate with the 
weight of the car, whilst the number of 
passengers will not affect the gross load 
considerably. 

Such a basis, however, does not take 
into consideration that the heavier built 
car of a given capacity will have a lon- 
ger life than a lighter car of the same 
capacity whilst its efficiency, as meas- 
ured by the infrequency of failures, will 
be greater. 

The most disturbing factor in an inter- 
national comparison is the difference in 
money values and relative costs of mater- 
ial and labour in different countries, 

In some countries the cost of labour 
relative to materials is far higher than 
in other countries; certain countries can 
obtain fuel and materials locally whilst 
other countries are compelled to pur- 
chase fuel and materials in a foreign 
market, In addition to these disturbing 
factors is the complication of the rate of 
exchange and the question as to whether 
such a factor should be considered. 

in a word, true comparison between 
the costs of running the different power 
units can only be effected by carrying 
out extensive tests on the same railway. 


The foregoing remarks serve as an 


apology for the criticisms and compari-: 


sons that follow. - 


The Egyptian State Railways have for 
some years been exploiting eleven arti- 
culated steam rail cars of 150 H. P., 
weighing 52 tons, at a scheduled speed 
of 40 miles an hour. The cost after 
taking into consideration every item of 
expenditure including interest on capital 
and depreciation, works out at 10.1 pence 


per mile or 0.195 penny per ton-mile. 


This figure is remarkably low when 


compared with results obtained  else- 
where. 

The summaries of the various report- 
ers on Question XIII, Cairo Congress, 1933 
(Use of rail motor cars on secondary 
lines) have been carefully scrutinized in 
order to ascertain the cost of running 
petrol-mechanical, petrol-electric and 
Diesel-electric cars of similar weight. 

The Boston and Maine Railroad oper- 
ates petrol-electric cars of 275 H. P., 
weighing 48 tons, and scheduled for a 
speed of 25 miles an hour. The total 
cost of running is given as 0.613 dollar 
per mile, which is equivalent to 0.631 
penny per ton-mile. 

The Chesapeake and Ohio operates a 
petrol-electric car of 275 H. P. weighing 
59 tons, at a schedule of 30 miles per 
hour. The total cost of running is given 
as 0.412 dollar per mile which is equiva- 
lent to 0.345 penny per ton-mile. 

The Great Northern Railway (U.S. A.) 
operates a Diesel-electric car of 400 H.P., 
weighing 66 tons, on a 26-mile an hour 
schedule. The total cost of running is 
0.3061 dollar per mile, equivalent to 
().229 penny per ton-mile. 

It appears therefore that the cars cited 
above are from 17 % to 314 % more ex- 
pensive to run than the steam rail car. 

Of course the higher costs of the other 
units are partly accounted for by the 
higher horse-powers. 

The question therefore arises as to 
why, when the steam unit can haul a 
car of 52 tons at 40 miles an hour with 
150 H.P., it should be necessary to design 
cars of approximately the same weight 
working at much lower speeds with 
horse-powers of 275 and even 400. 

It is admitted that the steam unit does 
not haul a trailer whereas it is under- 
stood that the other three units do. The 
fact however would scarcely account for 
so great a difference in the horse-powers. 

_ The Belgian National Railway Com- 


pany operates a rail car which appears 


to be more comparable with the steam _ 
rail cars of the Egyptian State Railways. — 


2391 


It weighs 47 tons and is provided 
witha Diesel-mechanical power unit gen- 
erating 150 H.P. The cost of running 
works out at 0.077 penny per ton-mile 
without allowing for interest and depre- 
ciation. 

The cost of the steam rail car on the 
same basis of comparison works out at 
0.088 penny per ton-mile. 

It should be added however that the 
scheduled speed of the steam rail car is 
40 miles per hour whilst that of the Die- 
sel-mechanical car is 25 miles per hour 
a difference which will easily account 
for the 14 % increase in cost of running 
the steam car, 

The figures have been deduced with- 
out any adjustment for rate of exchange. 

Whether such an adjustment should 
be made is open to question. 

Had the Egyptian State Railways pur- 
chased the materials for running the 
ears from a country where the rate of 
exchange was unfavourable, the cost 
would undoubtedly have been increased. 
On the other hand, the railways which 
have been selected for comparison pre- 
sumably purchased materials from other 
countries where the rate of exchange 


was favourable, and by so doing, the 


cost of operation was reduced. 

Briefly the values in pence per mile 
have been deduced by converting on 
the old basis of exchange, viz., 486 
dollars and 124 fr. to the pound sterling, 

Whether or not the conversion figures 
are justified and whether the cost per 
ton-mile is a sound basis of comparison 
the Egyptian Railways must, in default 
of more convincing figures, continue to 
regard its steam unit as a sound finan- 
cial proposition as compared with rail 
cars in other parts of the world. 

Certain reporters have called attention 
to the difficulties already mentioned of 
comparing costs on an international ba- 
sis. 
~The moment is therefore opportune to 
offer a suggestion which, though too late 
for the approaching Congress, may be 


applied on future occasions when it is 
desired to collect data for the purpose 
of comparing costs of operation. 

The suggestion is as follows : 

Each railway should ascertain the cost 
of running a standard train, i. e., a train 
of given load at a given speed on, as 
nearly as possible, a level track. The 
figures will of course vary considerably 
in different countries. 

Thereafter, the cost of running a rail 
car should be ascertained and expressed 
as a fraction of the cost of running the 
standard train. 

By this means, a figure will be obtain- 
ed which will show the relative cost of 
running a rail car as compared with the 
cost of running a standard train, under 
identical conditions of currency, labour 
charges and material costs, 

Such a figure admits of international 
comparison. Briefly, the railway which 
shows the lowest figure can safely claim 
to have the most economical car. 

It has already been admitted that the 
cost per ton-mile is not a perfect basis 
of comparison because the greater the 
weight of a car of a given area, the lon- 
ger is its life provided that the weight 
has been utilized wisely. 

If the weight is put into the engine so 
that a substantial margin of horse- 
power is allowed over and above the 
amount necessary to cope with the sery- 
ice and assuming the engine has been 
designed commensurately a decrease of 
failures may be expected as well as lon- 
ger life. 

Such being the case two important 
items in assessing relative costs are af- 
fected, viz., interest and depreciation on 
capital. 
_ The lighter car of a given area will 
have a shorter life and therefore its 
cost per mile under these headings will 
be correspondingly increased. 

The cost per ton-mile which has been 
given for the steam cars of the Egyptian 
State Railways has been based on an 
assumption of a 15 years’ life. The fig- 
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ure was arbitrarily chosen and inten- 
tionally erred on the low side, Exper- 
ience with wheel rolling stock, of 


which the Egyptian State Railways can 
claim a considerable amount, indicates 
that the bodies and chassis will run a 
much longer period. 

The engines, however, appear to be 
somewhat light for the work which is 
required of them. Failures have occur- 
red which, owing to the fact that they 
are traceable to a variety of sources, lead 
to the supposition that a heavier built en- 
gine would have given more satisfactory 
service. 

The weight of the engine without the 
boiler is 3586 lb. and with the boiler 
11875 lb. which, expressed in lb. per 
H, P. is about 23 and 79 respectively. 

Mr. Level points out in his report, 
that Diesel engines can be built at 16.75 
lb. per H. P. (1). This is an astonishing- 
ly low figure. It would be interesting to 
know if any data-is available regarding 
the life of such an engine, or if any sta- 
tistics can be given regarding its fail- 
ures. 

2 It is probable that on many railways 
- the failures of rail cars are frequently 
traceable to the fact that the personnel is 
more accustomed to the rougher hand- 
ling of locomotives than the delicate me- 
chanism of rail cars. It is also probable 
that such a consideration creates a cer- 
tain amount of suspicion with regard to 
Diesel-electric cars. 

a: There is little doubt that the more 
ee delicate and complicated mechanism in- 
volves a greater number of failures and 
a corresponding increase in cost of main- 

tenance. : 

Apart, then, from the economical re- 
sults which have been achieved with 


." nee steam rail cars on the Egyptian State 
“eS Railways, the fact should not be over- 
sr looked, that the results have been obtain- 


ed by a simple design and a long-estab- 
lished prime mover. 


(1) Bulletin of the Railway Congress, June 1932, 
p. 1139. 


PART II 


The relative merits of a rail car as 
compared with a road car is not only 
an intriguing subject for consideration, 
but it is a most important point that ~ 
must be settled in the near future. 

There is no doubt that a rail car ap- 
pears to possess some outstanding ad- 
vantages. 

For example, the cost of running, ex- 
cluding interest and depreciation on 
capital and without considering the 
costs of track or road maintenance or 
any charges other than those appertain- 
ing to the Mechanical Department, is 
entirely favourable to the rail car. A 
rail car can carry 100 people at 4.6 pence 
per mile whilst a road car is capable of 
carrying 25 people at a cost of not less 
than 2.5 pence per mile, 

Moreover, a rail car is for a given 
weight and horse-power capable of 
higher speeds than a road car. 

The question therefore arises as to 
why rail cars are not recovering the 
traffic which road cars have secured. 

The answer to the question may be 
solved by considering the outstanding 
disadvantages to which a rail car is sub- 
jected. 

On the single railway line, two rail 
cars cannot pass one another. Special 
arrangements must therefore be estab- 
lished to insure that two cars are not 
running in opposite directions within 
defined limits at the same time. 

Road cars are not hampered by such 
restrictions. There are few roads, if 
any, in the world, where two cars cannot 
pass one another. 


If a rail car breaks down on the single 
line it entirely obstructs all other cars in 
both directions until relief arrives, 
which, incidentally, may result in many 
hours detention, ~ 

On the other hand, if a road car breaks | 
down it can be pushed to the side of 
the road in a few minutes, leaving a free 


~e 
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passage for approaching or following 
cars. 

On a double railway line the condi- 
tions are not much better. 

A rail car that breaks down must re- 
main where it is, until relief arrives, 
obstructing all following traffic. 

Whatever speed it may be capable of, 
it cannot pass a preceding car or train 
on account of the restriction of the track, 
and should it come upon such a car or 
train uncautiously a collision is inevit- 
able. 

If, on the other hand, a road car sud- 
denly overtakes a preceding car it can 
Swerve to one side and thus avoid a 
collision. 

Although a rail car is capable of 
higher speeds, its advantage in this res- 
pect can only be exploited by the expen- 
sive introduction of signals and cabins, 
working on the absolute block system. 

If such precautions were eliminated, 
the rail car could not be run as quickly 
as the road car with the same degree of 
safety. 

To test the accuracy of this statement 
one has only to ask oneself whether 
one would be as content to travel in a 
rails-car at, say, thirty miles per hour 
on an unprotected railway with un- 
scheduled traffic approaching and fol- 
lowing, as one would be to motor at the 
same speed on an unfamiliar road. 

Briefly, the railway track is an encum- 
brance rather than the potential asset 
which some members have described it. 

There is also the question of unsched- 
uled stops to be considered. 

It is not clear why a road car should 
have an advantage in this respect. 

It would appear that railway officials 
have a fixed idea that their conveyances 
must only stop at certain predetermined 
points, where elaborate preparations in 
the form of buildings, staff, platforms 
and signals must be provided; and that 
the time of arrival and departure must 


_ be correct to seconds and that the period 
of stoppage must be rigidly adhered to 


even though there are no passengers who 
wish to entrain or detrain. 

With the same inconsequence they ap- 
pear to be under the impression that 
intervening points where passengers 
may wish to entrain or detrain must be 
ignored unless they are provided with 
platforms, signals, etc. 

Moreover, railwaymen seem to con- 
sider themselves under an obligation to 
find seating accommodation for every 
passenger who is waiting on the plat- 
form to travel. Their attitude in this res- 
pect results in the uneconomical policy 
of supplying trains or cars of greater ca- 
pacity than normal requirements justify. 

There is a fixed idea amongst railway- 
men that the tariff for travelling, assess- 
ed on a mileage basis, must be universal 
throughout the railway, regardless of the 
fact that the cost of running a rail car 
is considerably less than running a train. 

Until such ideas are uprooted from 
their minds of railwaymen, there is little 
hope for the rail car to compete success- 
fully against the road car. 

Probably the only condition under 
which rail cars can compete success- 
fully against road cars is in a sparsely 
populated country where towns are few 
and far between. 

Under such conditions the disadvan- 
tages of rail cars are not so pronounced. 

The towns and villages in such an area 
being far apart admit of long non-stop 
runs, whilst signal cabins installed at the 
stations guarantee the safety of the line 
and admit of speeds far in excess of 
those that are considered safe for road 
cars to travel at; incidentally the dearth 
of traffic permits of the infrequent serv- 
ice that is necessitated by absolute block 
control. 

Such a service should provide for op- 


tional stops between towns at points ~ 


where passengers might wish to entrain 


or detrain, but no personnel should be | 


provided at such points. 
Tickets should be sold on the cars so 
as to insure that the company is not 
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under an obligation to carry anybody 
who had not secured a place in the car. 

It is very unlikely that rail cars will 
ever operate successfully in densely po- 
pulated areas. A frequent service invol- 
ves short block sections, rapid accel- 
eration and deceleration, also facilities 
for increasing the capacity of the cars or 
trains without retaining in continual 


service a hauling unit which is normally 
more powerful than the service demands, — 

The more populated is the area to be 
served, the less adaptable is the rail car, 
because whilst designers, endeavouring © 
to adapt a rail car service to meet the — 
exacting conditions, will find them- | 
selves led into the only possible solution, 
yiz., electrification. 
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Engineering, Oklahoma Agricultural and Mech M 
ical College ; consulting engineer. . 
Highway Beare : Design and cost. 
New York and London, McGraw-Hill Book Co. 3) 
(6 X 9 inches), 395 pages, line cuts and tables. (Pric) 
$ 4.00.) 9 | 
1932 625 g 
« Sentinel Cammell » patent light railway vehicles) * 


London, W. C. 2. Harrison & Sons Ltd., 44-47 
Martins’ Lane (9 1/4 X 6 1/4 1/2 inches), 170 pr 
boards. (Price : 7 sh. 6 d.) 4 

1932 38 (.68) & 656 1 (1 


UNION OF SOUTH AFRICA. 
Report of the road transportation board for 


period 25th July 1930, to 3lst January 1932. Ss 
Pretoria. The Government Printer. 39 pages ands” 

map. (Price: 2 sh.) : 
1932 625 1 ( 


WEBB (W. L.). | 
Railroad construction, theory and practice. 


London, Chapman & Hall Ltd., ( 7 1/2 X 5 in 
Ninth edition, 925 pages, illus, (Price : 37 sh. 6 d. 


In Italian. 


1932 624 
SANTARELLA (Luigi), “Ingegnere. 
Il comportamento elastico di ponti ferroviari i 
mento armato. 1 volume, 64 pagine, 29 figure e 5 
vole. 
Resistenza ed elasticita di caleestruzzi di ceme 
funzione del rapporto acquacemento e della resi 
della malta normale. 1 volume, 48 pagine e 7 
La vibrazione del calcestruzzo di cemento. 1 volun 
38 pagine e 14 figure. 
La collaborazione ferro-calcestruzzo nei pilastri a 
cati assialmente. 1 volume, 70 pagine e 4 tavole. 
Milano, u. Hoepli. 
(Prezzo : 10, 10, 5 e 10 lire.) 


1932 : 
Arts et Métiers, avril, p. 124. Pas 
ANCEAU. Le contreplaqué dans la fabrica 


1932 cag 66 
Arts et Métiers, avril, p. 133. > : 


THEBAULY (R.)..— Durcissement eats 
aciers — cyanuration, (3 bi mots & Ast 


ees 


Bulletin de la Société d’encouragement 
pour l’industrie nationale. (Paris.) 


1932 697 
lull. de la Soe. d’encouragement pour Vind. nat., avril, 


p. 289 
YNESSI (A.). — Propriétés thermiques des maté- 
jaux de construction. Etude de la transmission discon- 
nue de la chaleur 4 travers les parois des bitiments, 
8200 mots & fig.) 


Bulletin des transports internationaux 
par chemins de fer. (Berne.) 
1932 313 .385 (.497.1) 
lull. des transp. intern. par ch. de fer, avril, p. 261. 


.Les chemins de fer du Royaume yougoslave pendant 
mxercice 1930. (1 000 mots. y 


1932 385 .6 (.4) 
lal. des transp. intern. par ch. de fer, mai, p. 272. 
NNOE (G.). — La Grande-Bretagne et les Conventions 


tternationales de Berne concernant les transports par 
pemins de fer. (3000 mots.) / 


1932 313 .385 (.485) 
hil. des transp. intern. par ch. de fer, mai, p. 307. 


Les chemins de fer suédois en 1929 et 1930. (1100 
tots.) 


alletin technique de la Suisse romande. (Vevey.) 
1932 38 


nll. techn. de la Suisse romande, n° 9, 30 avril, p. 101. 


IMER (W.). Les caractéristiques techniques ac- 
lefles des moyens de transports terrestres. (4600 mots 


ig.) 


é 
hletin technique de l'Union professionnelle des 
‘imspecteurs techniques et des chefs de section 
‘des chemins de fer belges. (Bruxelles.) 

1932 621 .135.4 & 625 .215 


hil. tech. de l'Union profes. des Inspecteurs tech. et 
“des Chefs de section des ch. de fer belges, 15 avril, 
2. 


JONTAUX (C.).. — Quelques considérations sur la 
ation des véhicules en courbe. Ae: 200 mots & fig.) 


1932 625 .143.5 
ll. tech. de ’'Union profes. des Inspecteurs tech. et 
des Chefs de section des ch. de fer belges, 15 avril, 
10. 


bGILSON (E.). 


— La fixation du rail aux traverses 


621 .43 


‘tech. de ’Union profes. des Inspecteurs tech. et 
des ae de section des ch. de fer belges, 15 avril, 


_ 


— tla « Micheline >. auto-rail sur 


i 


Chronique des transports. (Paris.) 
1932 385 .113 (.44) 


Chronique des transports, n° 9, 10 mai, p. 3. 


La Compagnie des Chemins de fer de l’Est en 1931. 
(3 700 mots.) 


1932 
Chronique des transports, no 9, 10 mai, p. 10. 


L’aviation civile et ses rapports avec les chemins 
de fer. (800 mots.) (A suivre.) 


656 


- 


1932 385 .113 (.44) 
Chronique des transports, n° 10, 25 mai, p. 4. 
Les Chemins de fer du Midi en 1931. (5800 mots.) 


656 


1932 
Chronique des transports, n° 10, 25 mai, p. 11. 
L’aviation civile et ses rapports avec les chemins de 
fer, I. — Les progrés de l’aviation dans les principaux 
pays. (1000 mots.) 


Génie civil. (Paris.) 


1932 621 .91 
Génie Civil, no 2593, 23 avril, p. 409. 

Machine a tarauder et a fileter les tubes et les man- 
chons, systeme Mac Léod-Richards. (2 300 mots & fig.) 


1932 
Génie Civil, n° 2593, 23 avril, p. 412. 


625 .14 (01 


CHAUDY (F.). — L’effet de roulis des charges cir- 
culant sur les voies ferrées-en alignement droit. (1500 
mots & fig.) - 

1932 624 9 


Génie Civil, n° 2593, 23 avril, p. 415; no 2594, 30 avril, 
p. 488. ; 
WOLF (P.). — Etude des charpentes métalliques. 
Les travaux du Steel Structures Research Committee 
britannique. (6100 mots & fig.) 


1932 
Génie Civil, n° 2594, 30 avril, p. 446. 
Pont-route métallique en construction sur le Waal, 
4 Zaltbommel (Pays-Bas). (600 mots & fig.) 


624 .5 (.944) 


624 32 (.492) 


1932 ‘ 
Génie Civil, n° 2595, 7. mai, p. 457. 
CAUFOURIER (P.). — Le pont métallique en arc 


de 503 métres, de Sydney (Australie). (8000 mots & 
fig.) 2 
1932 ~ 621 .4 


Génie Civil, no 2595, 7 mai, p. 465. 
BOUTARIC (A.). — Formation et réle des péroxydes 


-alcolyliques dans le phénoméne du choc des moteurs 4 


explosion. (2300 mots & fig-) 


1932 621 .33 (.42) 
Génie Civil, n° 2595, 7 mai, p. 468. 
L’électrification des chemins de fer en Grande- 


Bretagne. (3000 mots & fig.) 


BENGE 


1932 62. (01 
Génie Civil, no 2596, 14 mai, p. 490, 
DUMAS (F.). — La notion @effort tranchant réduit. 


Les erreurs auxquelles elle peut conduire. (3800 mots 
& fig.) 
1932 
Génie Civil, n° 2596, 14 mai, p. 502. 
L’emploi de treillages en métal déployé comme ar- 
matures et comme coffrages perdus, dans la construc- 
tion des hourdis en béton armé, (500 mots & fig.) 


1932 624 .32 (.65) 
Génie Civil, n° 2597, 21 mai, p, 517. 

Le pont métallique du Bir Lakdar. 
Algérie.) (1000 mots & fig.) 


1932 
Génie Civil, n° 2597, 21 mai, p. 519. 
DELPEYROUX (J.) — Les bandages des camions 
et la route. (6000 mots & fig.) 


721 9 


(Constantine, 


656 .1 


1932 62. (01 
Génie Civil, no 2598, 28 mai, p. 541. 
SANTO RINI (P.). — La mesure des tensions et 


des températures, dans un barrage en béton, au moyen 
de courants 4 haute fréquence. (3100 mots & fig.) 


1932 W219 
Génie Civil, n° 2598, 28 mai, p. 544. 
LEPPIN (H.). — L’emploi de coffrages mobiles, 


systéme Macdonald, dans les constructions 


en béton. 
(1400 mots & fig.) : 


La Science et la Vie. (Paris.) 


1932 
La Science et la Vie, mai, p. 353. 


LEBOUCHER (P.). — O0 en est la politique d’élec- 
trification ferroviaire ? (6200 mots & fig.) 


621 .33 


1932 621 9 
La Science et la Vie, mai, p. 376. 
DEVAUX (P.). — Des machines-outils précises et 
colossales. (4200 mots & fig.) 
1932 691 


La Science et la Vie, juin, p. 489. 

GUEYDON DE DIVES (J.). — Les nouveautés de la 
technique du béton : vibration et pervibration. (5100 
mots & fig.) f 


1932 
La Science et la Vie, mai, p. 497. 


TERVAL (E.). — Comment et pourquoi on pése une 
locomotive. (3300 mots & fig.) 


621 .131.2 


s 


La Traction électrique. (Paris.) 


| 1982 621 .33 (.44) & 625 62 (.44) 
La Traction Electrique, janvier, p. 2. 

_MIELLE (H.). — L’électrification du réseau dépar- 

temental des Tramways de 1’Ain par le courant mono- 

phasé @ 10000 volts. (4500 mots & fig.) — 


{ 
‘ 


‘ 


Les Cheming de fer et les Tramways, avril, p. 62, |% 


ques 
mots & fig.) 


1932 625 21 
Les Chemins de fer et les Tramways, avril, p. 68, 
AUDO (L.). — Fabrication des coussinets pour voi 


tures et wagons dans un réseau de chemin de fe): 
(4600 mots & fig.) = 


1932 656 .25 
Les Chemins de fer et les Tramways, avril, p. 73. 


GUIBAUD (E.) Un nouvel appareil de calag 
des signaux contre le vent. (500 mots & fig.) an 


1932 625 21) | 
Les Chemins de fer et les Tramways, avril, p. 75. | 
Application aux chemins de fer d’intérét local d : 
Vattelage automatique « Willison », (5300 mots & fig. 


1932 621 132.1 (441) 
Les Chemins de fer et les Tramways, mai, p. 81. 


Types récents de locomotives sur le Nord. (3 200 mot 
fig.) : a | 
1932 621 .134 (.44 
Les Chemins de fer et les Tramways, mai, p. 84. _ 
SPIESS (E.). — Amélioration de la distribution d 
vapeur sur les locomotives 4 grande vitesse du Paris) 
Orléans. (2 300 mots & fig.) 


1932 
Les Chemins de fer et les Tramways, mai, p. 87. 
BRILLIE (H.). — Les phénoménes de viscosité et 1 


graissage. Etude des films élémentaires des coussine 
(8000 mots, planches & fig.) 


L’Industrie des voies ferrées 
et des transports automobiles. (Paris.) — 


1932 : 625 .6 (4 
L’Ind. pee ferrées et des transp. autom., a 
p. 103. i : 
BORDAS (F.). — La modernisation des chemins de 
fer vicinaux belges. (2700 mots & fig.) 


Revue générale des chemins de fer. (Paris.) 


1932 621 .138.5 (.44) 
Revue générale des chemins de fer, mai, p. 357. 
DUCHATEL. — Note sur Vorganisation des ateli 
de réparation de locomotives de la Compagnie de VE 
a Epernay, (14000 mots & fig.) 


1932 385 (.3) & 656 .222 ( 
Revue générale des chemins de fer, mai, p. 390. 
_PONDEVEAUX (L.). — Apercu de Vétat des 1 
tions ferroviaires dans le monde. (17000 mots & fig, 


‘ 


1932 
bevue générale des chemins de fer, mai, p. 423. 
i) LOISEAU. — Note sur une substitution de rails 


‘vee sabotage mécanique des traverses. (1400 mots 
fig.) 
¢ fs) 


1932 385 .113 (.43) 


xevue générale des chemins de fer, mai, p. 428. 


_ La Compagnie des Chemins de fer allemands pen- 
ant l’exercice 1930. (6 800 mots.) 


1932 656 .211.7 
Revue générale des chemins de fer, mai, p. 488. 


_ Les ferry-boats du détroit de Messine. (500 mots & 
cig.) 


(.45) 


Revue politique et parlementaire. (Paris.) 


1932 385 .1 
Revue politique et parlementaire, 10 mai, p. 328. 
COLSON (C.). — Les grands réseaux de chemins de 
rer en 1930 et 1931. (7 200, mots.) 


__ Revue universelle des Mines. (Liége.) 
1932 669 1 


Revue universelle des mines, no 9, 1*7 mai, p. 417. 

MARECHAL (J. R.). — Applications des diagrammes 
binaires et ternaires 4 ]’étude de l’influence du soufre 
ur les aciers et les fontes. (4300 mots & fig.) (Suite 
®t fin.) 


in German. 


Die Lokomotive. (Wien.) 


§ 1932 - 621 .335 (.436) 
Die Lokomotive, Mai, S. 77. 

Die Umformerlokomotive System Oc. 8 S. W. 
1082.001 der Osterreichischen Bundesbahnen. (1 400 
| Worter & Abb.) : 

. 1932, 621 .132.8 


iiBe Lokomotive, Mai, Ss. 79. 
-LUBSEN (W.). — Turbinen-Lokomotiven Bauart 
jmenestrom >. (1800 Worter & Abb.). 


> 
‘Die Reichsbahn. (Berlin.) 


© 1932 . 656 .223.2 (.43) 
Die Reichsbahn, Nr. 6, S. 149. 
SCHROEDER. — Die Verwendung von Grossgiiterwa- 


gen im Verkehr der Reichsbahn. (3 Seiten.) 


1932 385 (.43) 


Die Reichsbahn, Nr. 9, S. 223. 


in der deutschen Verkehrswirtschaft. (8 — Seiten.) 


625 .173 | 


-KATTER. — Die Reichsbahn und ihre Wettbewerber 


1932 656 .23 (.43) 
Die Reichsbahn, Nr. 12, S. 291. 
VOGT. — Wie unterstiitzt die Reichsbahn das Be- 


mitihen des Reichs, 
schaft zu helfen ? 


die Preise zu senken und der Wirt- 
(71/2 Seiten & Diagr.) 


1932 656 .211.5 (.43) 
Die Reichsbahn, Nr. 13, S. 319. 

KISSLING. — Die Wirtschaftlichkeit der Bahnsteig- 
sperre bei der Deutschen Reichsbahn. (4 Seiten.) 

1932 656 1 
Die Reichsbahn, Nr. 14, S. 335. 

MAY, — Giterkraftwagentarif und Selbstkosten. (6 


Seiten & Diagr.) 


_EleKtrische Bahnen. (Berlin.) 


1932 621 .33 
Elektrische Bahnen, April, 8S. 77. 
FORWALD (H.). — Streckenimpedanz und Schie- 


nenstrom bei Einphasenbahnen. (5 300 Worter & Abb.) 
(Fortsetzung folgt.) 


; 


1932 
Elektrische Bahnen, April, 8. 85. 


ALEXANDER (J.). — Betrieb einer steilen Reibungs- 
bahn in Guatemala. (3200 Worter & Abb.) 


621. .33 (.728.1) 


1932 621 .43 (.494) 
Elektrische Bahnen, April, 8. 94. 
BUCHLI (J.), — Triebwagen fiir Zahnrad- und Rei- 


bungsbetrieb der elektrischen Bahn St. Gallen-Gais- 


Appenzell. (1200 Worter & Abb.) 

1932 625 .234 
Elektrische Bahnen, April, S. 97. ; 

OFVERHOLM (I.). — Elektrische Wagenheizung 
mit selbsttiitiger Umschaltung ftir 3000, 1500 oder 
1000 Volt. (500 Worter & Abb.) 

Glasers Annalen. (Berlin.) 
1932 385 .21 (.73) 


Glasers Annalen, Nr. 1316, 15. April, 8. 69. 


RUNKEL. — Der Kampf zwischen Eisenbahnen und 
Wasserstrassen in Nordamerika. (4 000 Worter.) 


__ — 


SA Syst 621 .95 
Glasers Annalen, Nr. 1316, 15. April, S. 73. 
PILZ (W.). — Neues Bohrwerk fiir Lokomotiy- 


achslager. (1900 Wérter & Abb.) 


s 


1932 625 oe 
Glasers Annalen, Nr. 1317, 1. Mai, 8S. 77. 
KREISSIG (E.). — Die Prinzipien des Leichtwagen- 


baues. (2900 Wiican “& Abb.) 


¥ 


“ 


SOR n— 


Organ fiir die Fortschritte des Eisenbahnwesens. 
(Berlin.) 


1932 625 .143. (0 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
9, 1. Mai, S. 169. 
BLOCH (A.). Die Stabilitat des liickenlosen Glei- 
ses. (5200 Worter & Abb.) 


1932 625 .143. (0 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
95-1, <Mai. S: 176, 


WATTMANN. — Knicksicherheit von Gleisen. (1 500 
Worter & Abb.) 


1932 625 .142.2 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
oF le Mai, 82 178. 
PETERSEN (E.). — Ist das Doppel-Riipingverfah- 
ren fiir die Trankung von Buchenholz gentigend ? (900 
Worter & Abb.) 


1932 656 .212.5 & 625 .258 
Organ fiir die Fortschritte des Eisenbahnwesens, Heit 
10, 15. Mai, S. 185. 


GARBERS. — Die Profilgestaltung der Ablaufberge 
unter besonderer Beriicksichtigung der Bremsanord- 
nung. (10000 Wéorter & Abb.) 


1932 625 .13 (.432) 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
10, 15. Mai, S. 197. 


TRAMM. — Verstaérkung und Umbau von Schmal- 
spurbriicken im Bezirke der Reichsbahndirektion Dres- 
den. (900 Worter & Abb.) 


Verkehrstechnische Woche. (Berlin.) 


1932 656 1 
Verkehrstechnische Woche, Nr. 6, S. 85; Nr. 7, S. 103. 
MUELLER. — ME aie ered UR ‘ie Kraft- 
wagenfahrten. (11 1/2 Seiten & Diagr.). 
1932 656 .222.1 


Verkehrstechnische Woche, Nr. 8, S. 110. 


PROELL. — Die Steigerung der Verkehrsgeschwin- 
digkeit. (5 Seiten & Diagr.) 


1932 625 .258 
Verkehrstechnische Woche, Nr. 9, 8. 121. 


ERLER. — Der Hemmschuh in der Praxis. (4 1/2 
Seiten & Abb.) 


‘ 


1932 656 .2 (43) 
~. Verkehrstechnische Tiaese, Nn l0; Sas S7 aN I5 ise 


155; Nr, 12,-8: 
REMY. — Die bye der betriebswirtschaftlichen 


Erfolgsrechnungen bei der Reichsbahn. Der Versuch 


einer Synthese. (14 Seiten & Diagr.) 


_ oftmals wiederholter Belastung. (2400 Worter & Al 


elektrischen Schweissung. (5 700. W6rter & Abb. 


1932 656 .212.5 (06 (48 
Verkehrstechnische Woche, Nr. 13, S. 179-190. 
Rangiertechnik. —  Studiengesellschaft fiir R 
giertechnik. — Geschiftsjahr “1981. Berichte de 
Sonderausschtisse. Sonderaussehuss I: Rangiertechnisch| 
Einrichtungen. Sonderausschuss II : Profilgestaltun||) 
Sonderausschuss III Weichenbedienung, Verstand)” 
gungsmittel, Beleuchtung. Anhang-Vorliiufige Grun¢ f 
siitze fiir Wirbelstromgleisbremsen. — Sonderaussehu; 
I. (12 Seiten & Zeichn.) 


nd * 


> 


1932 656 .2 ‘i 
Verkehrstechnische Woche, Nr. 13, S. 191. 


AMMANN RAAB, — Abhandlungen iiber Lautee 
bremsung. (10 Seiten.) 


1932 656 .212.5 a 
Verkehrstechnische Woche, Nr. 13, S. 201. . 


WAGNER. — Die Abrollanlage auf dem Bahnh 
Duisburg-Hochfeld-Siid. (4 1/2 Seiten & Zeichn.) 


1932 656 .212. 
Verkehrstechnische Woche, Nr. 13, S. 215. F 
PIRATH. — Versuche zur Ermittlung der zw 


missigsten Ausgestaltuno von Windschutzanlagen | 
Verschiebebahnhéfen. (6 1/2 Seiten & Diagr.) , 


1932 656 .212: 
Verkehrstechnische Woche, Nr. 13, S. 221. , 
AMMANN RAAB. — Monogramme als Hilfsmitt 
fiir ablaufdynamische Untersuchungen. (3 1/2 Seite 
& Diagr.) 


Zeitschrift des Vereines Deutscher Ingenie ure 


(Berlin.) 
1932 621 135.2 
Zeitschr. des Ver. deutsch. Ing., Nr. 17, 23. April, S: 419) 
MECKEL (A.). — Lokomotivbremsung bei holier 


Geschwindigkeiten. (1200 Wéorter & Abb.) 


1932 62. (01 
Zeitschr. des Ver. deutsch. Ing., Nr. 18, 30 April, S. 438 
GRAF (O.). — Versuche mit Nietverbindungen | 


1932 62. (01 & 6 
Zeitschr. des Ver. deutsch. Ing., Nr. 19, 7. Mai, S. 4 
FISCHER (Fr. P.). — Vorschlag zur Festlegung dé 


zulassigen Beanspruchungen im Maschinenbau. (60 
Worter & Abb.) 


+ 


1932 
Zeitschr. des Ver. derctecks Ing., Nr. 20, 14. Mai, S. : 


KOLLMANN (F.). — Aus der ages (5¢ 
Worter & Abb.) | 


1932 
Zeitschr. des Ver. deutsch. Ing., Nr. 21, 21. Mai 
PROX (W.). — Erkenntnisse und Erfolge 


932 625 212 
ssehr. des Ver. deutsch. Ing., Nr. 21, 21 Mai, S. 529. 


WOLFE (R.). — Gleitachslage? fiir Msenhean Fahr- 
ee. (2900 Worter & Abb.) 


i Zeitung des Vereins deutscher Eisenbahn- 
verwaltungen. (Berlin.) 


)932 385 (.43) 
rung des Vereins deutsch. EHisenbahnverw., Nr. 17, 
2 28. April, S. 377. 

(EIBBRAND. — Die LEinstellung der Deutschen 
chsbahn auf ihre neuen Aufgaben. (5700 Worter.) 


932 656 .1 (.43) & 656 .2 (.43) 


bung ae5 Vereins deutsch. Hisenbahnverw., Nr. 18, 
Lee Mai, S. 397. 


J@eremcnopol ftir den gewerblichen Giiterfernver- 
«x, (10500 Worter & Abb.) 


O32 656 .234 (.43) 
vung des Vereins deutsch. Hisenbahnverw., Nr. 18, 
fa Mai, S. 411. 

dlassnahmen der Deutschen Reichsbahn zur Belebung 
| Reiseverkehrs. (900 Wéorter.) 


1932. : 656 .1 
mung des Vereins deutsch. Eisenbahnverw., Nr. 19, 
| 12. Mai, S. 417. 

LUM. — Probleme des Lastkraftwagenverkehrs. 
rekiirzte Wiedergabe eines im Kurs tiber neuzeitliche 
Ikehrsprobleme des Schweizerischen Ingenieur- und 
hitektenvereins in Ziirich gehaltenen Vortrags. 
ye Worter.) 
1932 385 1 (.489) 
rung des Vereins deutsch. Eisenbahnverw., Nr. 19, 
|. Mai, S. 426. 

| ASZKOWSKI. — Die Danische Staatsbahn in der 
tik der diinischen Offentlichkeit. (2400 Wéorter.) 


E 


ae 651 
bung des Vereins deutsch. Hisenbahnverw., Nr. 20, 
De Mai, S. 442. 

on BAUR. — Maschinelle Bearbeitung von Betriebs- 


tenrechnungen, (2400 Worter & Abb.) 


2 385 .113 (.43 
nung des Vereins deutsch. Hisenbahnverw., Nr. 21, 
26. Mai, S. 457. 
N (A.). — Der Geschaftsbericht der Deutschen 
sbahn-Gesellschaft tiber das 7. Geschiiftsjahr 
31). (3700 Worter.) 


656 212.9 
des reretee deutsch. Eisenbahnverw., Nr. 21, 
i S. 462. 


pe dadecabole der Deuachey Reichsbahn. (1 400 
er & pyle 


§ (G.), — Elektrohubkarren fiir den Kleinbe- | 


In English. 


Bulletin, American Railway Engineering 
Association. (Chicago.) 
1932 625 1 (06 (.73) 


Bull., Amer. Railway Engineering Ass™, March, p. 1. 
Program thirty-third annual convention and year 


book. Numerical list of members. Alphabetical list of 
members. 


Engineer. (London.) 


1932 624 62 (.944) 
Engineer, No. 3980, April 22, p. 440. 
Sydney Harbour bridge. — No. VI. The anchorages. 


(4400 words & fig.) 
1932 621 132 (.42) & 656 .222.1 (.42) 
Engineer, No. 3980, April 22, p. 444; No. 3981, April 29, 
p. 469. ; 


Recent locomotive performance on the London & 
North Eastern Railway. (11000 words.) 


1932 656 .211.7 (.73) 
Engineer, No. 3980, April 22, p. 446; No. 3981, April 29, 
p. 471. 
TRATMAN (E. E. R.). — American sea-going train- 
ferry steamers. (5 600 words & fig.) 


1932 
Engineer, No. 3980, April 22, p. 451. 
Earopean railway electrification. (1500 words.) 


621 .33 


621 .33 (.4) 


1932 
Engineer, No. 3980, April 22, p. 459. 
Express passenger train electrification. (600 words.) 


1932 624 .62 (.944) 
Engineer, No. 3981, April 29, p. 466. 

Sydney Harbour  bridge-approaching completion. 
(3900 words & fig.) ; 

1932 621 .18 


Engineer, No. 3981, April 29, p. 483; No, 3982, May. 6, 
p. 499. 


_ Boilers at Helsingfors power station. (3500 words 


& fig.) 


1932 621 .392 


- Engineer, No. 3981, April 29, p. 483. 


Automatic carbon arc welding. (2 300 words & fig.) 


62. (01 


1932 
Engineer, No. 3981, April 29, p. 504. 


EVANS (U. R.). — Some aspects of the corrosion ~ 


problem. (5000 words.) - 


1932 
Engineer, No. 3983, May 13, p. 527. 
Experimental work on welds. (2900 words & fig.) 


~ 


621 392 & 665 .882. 


be a 
ae St Tee 
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ai 


~ 


E209 22 


Engineering. (London.) 


691 (.42) & 721 
April 22, p. 475; No. 


9 (.42) 
3460, 


1932 
Engineering, No. 
May 6, p. 538. 
Fabricated concrete work on the Southern Railway. 
(3 600 words & fig.) 


3408, 


1932 669 .1 
Engineering, No. 3459, April 29, p. 503. 

The manufacture of staybrite steel sheets and strip. 
(2700 words & fig.) 


1932 621 .89 
Engineering, No. 3459, April 29, p. 522. 


Discussion of film lubrication of the journal bearing 


at the Institution of Mechanical Engineers. (2 400 
words. ) 
1932 621 .89 


Engineering, No. 3459, April 29, p. 527. 
BOSWALL (R. O.). — The film lubrication of the 
journal bearing. (6 300 words & fig.) 


1932 669 
Engineering, No. 3460, May 6, p. 550. 

EVANS (U. R.). — Some aspects of the corrosion 
problem. (3400 words.) 


1932 669 .1 


| Engineering, No. 3460, May 6, p. 555. 


HURST (J. H.). — 
nitrogen-hardening of cast iron. 


Some experiments on the 
(1800 words & fig.) 


1932 
Engineering, No. 3461, May 13, p. 561. 
Reconstruction of the Attock bridge over the Indus. 
(2400 words & fig.) 


624 3 (.54) 


1932 621 .335 (.43) & 621 43 (43) 
Engineering, No. 3461, May 13, p. 583. 


High speed oil-electric rail coach for German State 
Railways. (800 words & fig.) 


1932 
Engineering, No. 3461, May 13, p. 587. 


FRY (A.). — The theory and practice of nitrogen 
case-hardening. (2900 words & fig.) 


669 A 


Engineering News-Record. (New York.) 


1932 625 .4 (.73) 
Engineering News-Record, No. 15, April 14, p. 543. 


PENHUNE (P.). — Underpinning New York Post 


Office in Pennsylvania Terminal. (1000 words & fig.) 


1932 625 .4 (.73) 
Engineering- News-Record, No. 15, April 14, p. 546. 


TROEMEL (1.).— New York subway construction. 


Fig.) Underpinning a subway crossing. (3200 words & 


| 


1932 9 
Engineering News-Record, No. 16, April 21, p. 58% — 
FRENCH (J. C.). — Industrial railway equipnl) 
for level building. (1900 words & fig.) 


1932 625 A ( ; 
Engineering-News-Record, No. 18, May 5, p. 652 — 

HARRIS (F. R.). — New York subway construct) 
IX. Underpinning elevated railroads. (2700 wordt 
fig.) : 


1932 


Engineering News-Record, No. 18, May 5, p. 65 


Railway tunnel-lining methods’ reviewed. 
words.) "3 
S 
ee 
1932 621 .392 & 665 


Engineering News-Record, No. 18, May 5, p. 658 


Ductility to the fore at welding meeting. (3 
words.) : 


1932 
Engineering News-Record, No. 18, May 5, p. 
Regulation of motor transport is proposed to { 
gress. (2500 words & fig.) 


Indian Railway Gazette. (Calcutta.) 


1932 
Indian Railway Gazette, April, p. 94. 


STRAUSS (F.). — The Bavarian Zugspitze Ra ily 
(2 000 words & fig.) 


1932 
Journal, Inst. of Transport, May, p. 359. rh 
WHEELER (G. H.). — Classification of merel 
dise. — Origin and application. (13000 words.) 


656 2 


1932 
Journal, Inst. of Transport, Mage p. 375. 


BELL (R.). — Transport development in 1931. ( 
words.) 


1932 
Journal, Inst. of Transport, May, p. 384. 


GREIG (L. C.). — Thanks to transport. { 
words.) ; 


Journal, Institution of Engineers, Austral 
(Sydney.) 
~ 1932 


Journal, Inst. of Engineers, Australia, Februa 


CHAPMAN MAN (R. H.). — Bridge reconstruction 
South Asttnlign Railways. (8 200 words & fi 3) 


Modern Transport. (London.) 
3932 656 .253 (.42) 
ern Transport, No. 684, April 23, p. 3. 


Wwolution of British railways. Working agreements 
nnext step. (2700 words.) 


32 621 .33 (.439) 
fern Transport, No, 684, April 23, p. 4. 
TRAUSS (F.). — Railway electrification in Hun- 


7, (38600 words & fig.) 


132 621 .132.8 (.42) 
vern Transport, No. 684, April 23, p. 6. 
Wcitish development in steam rail cars. (2500 words 


932 656 .232 (.42) 
»ern Transport, No. 684, April 23, p. 14. 
mnibus services in Northern Ireland. (2 300 words.) 


32 625 .4 (.42) 
sern Transport, No. 685, April 30 p. 5, 

lube railway facilities to West London Suburbs. 
10 words & fig.) 


932 656 .232 (.42) 
dern Transport, No. 685, April 30, p. 11. 

idustrial traffic management. How to reduce trans- 
costs. (800 words.) 


932 621 .33 (.54) 
pern Transport, No. 686, May 7, p. 3. 


YDALL (F.). — Electrification of the Great Indian 
insula Ry. (10000 words & fig.) 


932 621 .33 (.460) 
ern Transport, No. 686, May 7, p. 8. 
dectrification in Spain, (700 words.) 


932 625 144.4 (.42) & 625 .245 (.42) 
dern Transport, No. 686, May 7, p. 9. 

‘rack ballasting on the London Midland & Scottish 
(700 words & fig.) 


932 621 .43 
lern Transport, No. 686, May 7, p. 12. 


assenger handling methods in Germany. — No. coe 
nt units for express traffic. (2700 words & fig.) 


32 621 .134.1 (.42) 


hotomotive conversion on the Horton & North 
btern Ry. (1200 words &. fig.) 
j > 


1932, 621 .43 (.43) 
‘ern Transport, No. 687, May 14, p. 5. 

Aassenger handling methods in Germany. No. Biers 
omnibus and freight cars. (1100 words & fig.) 


W932 625 .216 
lern Transport, No. 687, May 14, p. 6. 
mportance of wagon drawgear construction. (1 700 


y 


soe aa 


<0 me 


Proceedings American Railway Association. 
(Signal Section). 
(New York.) 


1932 656 .25 (06 (.73) 
Proe., Amer. Ry. Ass", Signal Section, March, p. 1. 


Advance notice thirty-eight annual meeting Chicago, 
Tll., May 10 and 11, 1982. 


Proceedings, American Society of Civil Engineers. 
(New York.) 


1932 624 .5 
Proc. Amer. Soc. of Civil Engineers, March, p. 301. 

MOISSEIFF (L. 8.) & LIENHARD (F.). — Suspen- 
sion bridges under the action of lateral forces. (3500 
words, 3 tables & fig.) 


Railway Age. (New York.) 


1932 625 .23 (.73) 
Railway Age, No. 16, April, p. 640. 

Passenger service provides more comforts than home. 
(1600 words & fig.) 


1932 625 .213 (.73) & 625 .246 (.73) 
Railway Age, No. 16, April 16, p. 643. 


High-speed freight-car trucks tested on North Wes- 
tern. (4300 words & fig.) 


1932 , 621 .138.1 (.71) 
Railway Age, No. 16, April 16, p. 649. 

Canadian Pacific completes modern terminal at To- 
ronto, Can. (3800 words & fig.) 


1932 621 13 (0 & 669 1 
Railway Age, No. 17, April 23, p. 684. 


SHEEHAN (W. M.). — Operating savings from steel 
castings. (4400 words & fig.) 


1932 621 .43 (.73) 
Railway Age, No. 17, April 23, p. 689. 

Rail-motors do the job on the Minneapolis & Saint- 
Louis. (2200 words & fig.) 


1932 621 .383 (.73) 
Railway Age, No. 18, April 30, p. 727. 

DUER (J. V. B.). — Seope and character of Penn- 
sylvania A. C. electrification. (800 words & fig.) 


1932 624 8 (.73) 
Railway Age, No. 18, ‘April 30, p. 729. 

Missouri-Kansas-Texas constructs fondéat lift span. 
(3 900 words & fig.) _ 

1932 is ~ 656. .229 
Railway Age, No. 19, May 7, p. 764. 

CASTLE (0. C.). — Transporting the Army. (2700 
words & fig.) 


1933-7 - 625 143.4 - 


| Railway Age, No. 19, May 7, p. 769... 


TALBOT (A. N.). — What t happens toa fan joint 2 
(1700 words.) 


Whe 


te ae 
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We 
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1932 621 .139 (.73), 625 .18 (.73) & 625 .27 (.73) 
Railway Age, No. 19, May 7, p. 771. 

Railway inventories shrink seventy million dollars. 
(1800 words & fig.) 


Railway Engineer. (London.) ~ 


1932 625 .233 
Railway Engineer, May, p. 167. 

COPPOCK (C.). — Temperature tests on train-light- 
ing dynamos. (3 100 words.) 


1932 
Railway Engineer, May, p. 170. 


Travelling sub- ahation’ with mercury rectifiers, Ita- 
lian State Railways. (600 words & fig.) 


621 .331 (.45) 


1932 625 .142.2 
Railway Engineer, May, p. 174. 

HORWOOD (A. R.). — The best timbers for railway 
sleepers, (1 900 words.) 

1932 625 143.3 
Railway Engineer, May, p. 177. 

ALLEN (C. J.). — The detection of internal fis- 
sures in rails. (2200 words & fig.) 

1932 621 .134.3 


Railway Engineer, May, p. 181. 


2-6-0 type mixed traffic locomotives, London Mid- 
land & Scottish Ry. (1300 words & fig.) 


1932 624. (0 (.43) & 625 245 (43) 
Railway Engineer, May, p. 184. 


Bridge testing by the measuring vans of the Ger- 
man State Railway. (1200 words & fig.) 


1932 
Railway Engineer, May, p. 186. 

The ventilation of London tubes. 
fig.) 

1932 
Railway Engineer, May, p. 189. 


The rotary spindle system of mechanical locking. 
(800 words & fig.) 


625 .13 


(1800 words & 


656 .257 


Railway Engineering and Maintenance. (Chicago.) 


1932 625 .144.4 
Railway Engineering and Maintenance, May, p. 318. 


A liability or an asset ? Roadway machines or tools 
can be either, depending on the extent to which they 
are used. (4 500 words & fig.) 

1932 
Railway Engineering and Maintenance, May, p. 827, 

YATES (J. J.). — Foundations demand study. (2 000 
words & fig.) Se ee 

1932 
Railway Engineering and Maintenance, May, p. 329. 


691 


VAN NESS (R. A.). — Treated timber on the Santa | 


Fe after fifty-seven years. (1400 words & fig.) . 


624 1 


words & fig.) 2 Sy 
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1932 625 144.4 & 625. ' 
Railway Engineering and Maintenance, May, p. 332.) 


Machine methods employed in cleaning ballast. ep 
words & fig.) 
> 


| 
S| 
oy 


Railway Gazette. (London.) 


1932 
Railway Gazette, No. 17, April 22, p. 605. 
Telegraph repeaters for gy Sess needle circuits, 
word & fig.) 


1932 621 
Railway Gazette, No. 17, April 22, p. 608. 4 
MIALL (S.). — Transmissions for Diesel locomoti 
and railcars. (21000 words & fig.) | 

: 
a 


if 
1932 621 . 

Railway Gazette, No. 17, April 22, p. 611. _ mee | 
Important French order of Diesel-electric raileays 

(400 words.) ? H 


1932 621 
Railway Gazette, No. 17, April 22, p. 610. 
Oil-engine traction. — Some notes on a series 
lectures by Mr. Alan E. L. Chorlton. (600 words - 


1932 621 .43 (4 
Railway Gazette, No. 17, April 22, p. 612. 
Diesel railcars for Greece. (400 words.) 


1932 621 
Railway Gazette, No. 17, April 22, p. 615. . 
Avonside Diesel locomotives. (1500 words & fig.) 


1932 : 621 
Railway Gazette, No. 17, April 22, p. 618. 
Harding Rhodes gear change indicator. (500 word 
fig.) ? 

1932 625 172 
Railway Gazette, No. 17, April 22, p. 622. ~ 

Chemical weed killing on railways. (1000 words 
fig.) 

1932 
Railway Gazette, No. 18, April 29, p. 642. — 

Preservation of iron and steel, (600 words & fig 


1932 625 113 (.42) & 656 256.2 ( 
Railway Gazette, No. 18, April 29, p. 643. 


The working of the Lickey incline, London f a 
& Scottish Ry. (2600 words & fig.) “4% 4 


1932 621. 43 
Railway Gazette, No. 18, April 29,. ps 650... 5 


An American pneumatic-tyred railcar. (2100 w 
& fig.) 

1932 621 1343 
Railway Gazette, No. 19, May 6, p. 677. a 

High-pressure locomotive trials in > France, 


336 .2 & 656 
ilway Gazette, No. 19, May 6, p. 680. 


pail and road transport 
1600 words.) 


4932 
lway Gazette, No. 19, May 6, p. 689. 


pocomotive water softening on the London Midland 
®eottish Ry. (750 words & fig.) 


932 656 .222 (.42) & 656 .254 (.42) 
‘lway Gazette, No. 19, May 6, p. 711. 
2eorganisation of train operating arrangements, 


sstern Section, Southern Area, London & North 
stern Ry. (5 000 words & fig.) 


1932 621 .338 (.42) 
lilway Gazette, No. 19, May 6, p. 721. 


wew steel rolling-stock for London Electric Rys. 
200 words & fig.) 


£932 621 .134.1 (.42) 
uway Gazette, No. 19, May 6, p. 725. 


‘ank locomotive with reversible booster, London-& 
irth Hastern Ry. (300 words & fig.) 


: The Locomotive, Railway Carriage 
and Wagon Review. (London ) 


1.932 621 .134.3 (.42) 
2 Loe. Ry. Carriage and Wagon Review, No. 477, 
May 14, p. 153. 

-0 mixed traffic engine, London Midland & Scot- 


a Ry. with rotary cam poppet valve gear. (700 
‘ras & fig.) 
i 


1s 621 .132.6 (.44) 
2 Loc. Ry. Carriage and Wagon Review, No. 477, 
ay 14, p. 157. 

-10-2 three- cylinder tank locomotives, Eastern Ry. 
{France. (1800 words & fig.) 

t 


1932 «885. (091 (.83) & 621 132.1 (.091 (.83) 
e Loe. Ry. Carriage and Wagon Review, No. 477, 
ay 14, p. 161. 

The Nitrate Railway and its locomotives. 


(1 600 
s & fig.) = 


2 621. 133 
Loc. Ry. Carriage and Wagon Review, No. 477, 
May 14, p. 164. 

RRATT (S. H. H.). — Heat losses from locomotive 
‘s and cylinders. (2700 words.) 


2B 621 .131.2 
he Loe. Ry. Catia ee and Wagon Review, No. 477, 
May 14, P ae 


the basis of taxation. ; 


621 133.7 (.42) & 725 .33 (.42) | 


0k — 


1932 625.143 (.42) 
The Loc. Ry. Carriage and Wagon Review, No. 477, 
May 14, p. 184. 


Ballast plough van. 


— Southern Ry. 
fig.) 


(500 words & 


Transit Journal. (New York.) 


1932 
Transit Journal, May, p. 213. 


Survey points way to noise abatement. (3 800 words 
& fig.) 


614 8 & 625 2 (0 


1932 621 £331 (C73) 
Transit Journal, May, p. 225. 

TURLEY (lL. J.). — Mercury are rectifiers meet 
demands of Los Angeles Railway. (3300 words & 
fig.) 

1932 625 .2 & 669 


Transit Journal, May, p. 229. 
Non-rusting steels. — A _ possibility for vehicle 
construction. (2800 words.) 
1932 
Transit Journal, May, p. 233. 


New cars improve service on Philadelphia & West 
Chester. (800 words & fig.) - 


1932 
Transit Journal, May, p. 235. 


PARKER (C. H.). — Designing a trolley bus over- 
head system. (1600 words & fig.) 


621 .338 (.73) 


621 33 & 656 1 


University of Illinois Bulletin. (Urbana.) 


1931 . (01 & 669 .1 
University of Illinois Bulletin, No. 21, November 10, 
er dl 
WILSON (W. M.), MATHER (J.) & HARRIS (Ch. O.), 
— Tests of joints in wide plates. (10000 words, 14 ta- 
bles & fig.) 


In Spanish, 
Anales de la Asociacion de: Ingenieros 


del I. C. A. I. (Madrid). 
385 .57 


1932 
Anales de la Asociacion de Ingenieros, febrero, 
p. 99 ; abril, p. 224. 


INZA y TUDANCA (C. de). — La psicotecnia en los 
ferrocarriles. (6 800 palabras & fig.) 


Ferrocarriles y Tranvias. (Madrid.) 
1932 385. (07.2 & 62. (01 


Ferrocarriles y Tranvias, marzo, p. 74. 


DELICADO (J. M.). — Estudio critico de awn de 
materiales para ferrocarriles. (4900 palabras & fig.) 
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1932 625 .245 & 656 .225 
Ferrocarriles y Tranvias, abril, p. 110. 


Nota sobre los resultados y ensefianzas del concurso 
international del mejor sistema de « container ». (9 000 
palabras & fig.) 


Gaceta de los Caminos de hierro. (Madrid.) 


1932 656 .1 & 656 .2 
Gaceta de los Caminos de hierro, n° 3681, 1 de mayo, 
pe 97. 


Bases para una legislacién equitativa de coordinacién 
para medios de transporte ante el problema de la com- 
petencia existente. (700 palabras.) 


Ingenieria y Construccién (Madrid). 


1932 691 (01 
Ingenieria y Construccién, mayo, p. 245. 

Teoria de la plasticidad de las estructuras de hor- 
migén y una nueva teoria de la elasticidad de las mis- 
mas. (3800 palabras & fig.) 


1932 
Ingenieria y Construccién, mayo, p. 254. 
SCHOCH (A. J.), CLARDY (W. J.) & BAILEY (K. 
W.), — La evolucion del material eléctrico de trans- 


porte en Norteamérica durante 1931. (4500 palabras & 
fig.) 


621 .335 (.73) 


Revista de Ingenieria Industrial. (Madrid.) 


1932 
Revista de Ingenieria Industrial, abril, p. 117. 


Ensayos de automotores ferroviarios con neumiticos. 
{3200 palabras & fig.) 


621 .43 


In Italian. 


Annali dei lavori pubblici. (Roma.) 


1932 385 .113 (.45) 
Annali dei lavori pubblici, gennaio, p. 85. 


Le ferrovie dello Stato nell’ esercizio finanziario 1930- 
1931. (1800 parole & fig.) 


L’Ingegnere. (Roma.) 


1932 
L’Ingegnere, aprile, p. 259. 
LETTERIO F. DONATO, — Metodi per la correzione 
dell’ asse nell’ arco incastrato. (4400 parole & fig.) 


624 .6 


Notiziario tecnico. (Firenze.) 


1932 
Notiziario tecnico, maggio, p. 126. 


Impianti per pulizia radicale delle ‘earrozze. (2 400 
- parole & fig.) 


_ 625 .236 (.45) 


Rivista tecnica delle ferrovie italiane (Roma) 


1932 625 5 (he 
Rivista tecnica delle ferrovie ital., 15 aprile, p. 201 
FUORTES (G. C.) & CAMOSSO (E.). — La fungi 


del Sestriéres. (6800 parole & fig.) 


1932 621 3358 
Rivista tecnica delle ferrovie ital., 15 aprile, p. 238: 
AVIGDOR (E.). — Elettrificazione della linea Gul 
Ventimiglia. (8100 parole & fig.) 


1932 385. (09 (.0 
Rivista tecnica delle ferrovie ital., 15 aprile, p. 256. & 
Le ferrovie della Manciuria. (2200 parole & carte 


In Dutch. 


De Ingenieur. (Den Haag.) 


1932 625 .14_ 
De Ingenieur, n* 19, 6 Mei, p. 61. Y 

DE VRIES BROEKMAN (G. H.). — Knikvastk 
van een naadloos recht spoor. (5500 woorden & fig, 


1932 
De Ingenieur, n™ 19, 6 Mei, p. 67. 
VERSCHOOR (H. E.). — Prijs van den electri: 
stroom voor de Nederlandsche Spoorwegen. (1 100 ¥ 
den.) 


621 .33 ( 


Spoor- en Tramwegen. (Utrecht.) 


P 

1932 625 .231 (4! 
Spoor- en Tramwegen, n™ 9, 26 April, p. 217. E 
BOLLEMAN KIJLSTRA (E.). — Nieuw gelas 
spoorwegmaterieel. (800 woorden & fig.) 


1932 656.23 (4 
Spoor-. en Tramwegen, n™ 9, 26 April, p- 220; ns 
10 Mei, p. 246. ; 

~ JAGT (A. G.). — Rapport der tarievencommi 
(6 100 anc (Wordt vervoled.) 


1932 ; 656 2 
Spoor- en Tramwegen, n™ 9, 26 April, p. 227. ; 
STMON-THOMAS (W.). — De ferme ee d 
gens in den na-tijd. (2 100 woorden.) 


193% 2 
Spoor- en Tramwegen, n* 10, 10 rate Dp. 25cQe am 

SIMON-THOMAS (W.). — De kosten der t 
menstelling en in het bijzonder de invloed ve 
wachttijd daarop. (1300 woorden & fig.) 
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in Gzech, 


Casopis pro Zelezniéni pravo. (Praha.) 
1932 656 .231 (.437) = 91 .886 


jopis pro zeleznicni pravo a politiku, No. 3, p. 33. 
QUCOUREK. — Through-tariffs for transports 
weyed over the lines of the Czechoslovakian State 


ways and the private lines worked by the State 
ways. (5 1/2 pages.) 


1932 347 .763 (.45) = 91 .886 
jopis pro zeleznicni prévo a politiku, No. 2, p. 20; 
! No. 3, p. 38. 

JUSAK. — Some particularities of the Italian trans- 
atation law. (16 pages.) 


932 385 .4 (.437) = 91 .886 
jopis pro zeleznicni pravo a politiku, No. 1, p. 1. 
_OLLER. — Internal organisation of the national 


vertakings of the Czechoslovakian Republic. (4 1/2 
es.) iz 


Zpravy Zelezniénich inZenyru. (Praha.) 
1932 621 .43 = 91 .886 
Wavy zeleznicnich inzenyru, No. 3, p. 50. 


-OLLER. — The pneumatic-tyred rail motor car 
uheline. (4 pages & fig.) 


4932 621 131 = 91 .886 
JAvy zeleznicnich inzenyru, No. 3, p. 54, 

_OSZEG. — Weighing of locomotives. (2 pages & 
) 

1932 652 .2 = 91 .886- 


Javy zeleznicnich inzenyru, No. 3, p. 59. 


WEYL. — The transverse stability of the vehicles on 
itails. (9 pages & fig.) 


1 932 656 .222 1 = 91 .886 
ifivy zeleznicnich inzenyru, No. 3, p. 67. 

-CHMID. — Some remarks concerning the increased 
nin speeds decided upon by the Czechoslovakian State 
5. (8 1/2 pages & fig.) 


In Polish. 


_ Inzynier Kolejowy. (Warszawa.) 


1932 621 1383) = 

wnier Kolejowy, No. 3, p. 51. 

ft cae — Determination of the boiler washing- 
periods as a function of the incrustation of the 

Jer. (3 pages.) 


932 
mier Kolejowy, No. 4, p. 75. 

\RWID. — General features for the rationalisation 
echnical work on the Polish State Rys. (3 pages.) 


91 .885 


385 .587 (.438) = 91 .885 


1932 


625 .212 = 91 .885 
Inzynier Kolejowy, No. 4, p. 78. 
BINDER. — Bronze bearings, (4 pages.) 
1932 91 .885 


625 173 (438) = 
Inzynier Kolejowy, No. 4, p. 82. 


HUMMEL. — Travelling crane of the Polish State 


Railways, for laying completely assembled rail lengths. 
(21/2 pages & fig.) 


ee se er eS 


In Serbian. 


Saobraéajni pregled. (Beograd.) 


1932 621 .133.1 = 91 .882 
Saobracajni pregled, No. 3, p. 77. 
FINC. — Laboratory tests of locomtive coal. (5 1/2 


pages & diagr.) 


1932 621 .13 = 91 .882 & 621 43 = 91 .882 
Saobracajni pregled, No. 3, p. 82. : 
LEBEDEY. — Rail motor cars or light locomotives ? 


(10 1/2 pages & diagr.) 

1932 656 .251 = 91 .882 
Saobracajni pregled, No. 3, p. 93. 

REPIC. — New (proposed) railway signalling sys- 
tem. (4 1/2 pages & fig.) 

1932 621 (133.1 = 91 -.882 


Saobracajni pregled, No. 3, p. 97. 


PETKOVIC. — Method for calculating the evaporat- 
ing power of locomotive coal. (2 1/2 pages.) 


1932 385 .113 (.497.1) 
Saobracajni pregled, No. 3, p. 110. 


Principal data in respect to the Jugoslav State Rys. 
Year 1930, (5 1/2 pages.) 


= 91-882 


1932 885 = 91 .882 & 656 .2 = 91 .882 
Saobracajni pregled, No. 4, p. 133. 

REPIC. — The policy of the railways and their work- 
ing system. (3 pages.) 


-1932 621 .43 = 91 .882 


Saobracajni pregled, No. 4, p. 143. 


FINC. — Rail motor cars in railway working. 
(3 pages.) : 
1932 621 .13 (.497.1) = 91 .882 


Saobracajni pregled, No. 4, p. 145. 


STANKOVIC. — Standardisation of the locomotive 
stock on the Jugoslay State Rys. (4 pages.) 


1932 621 138.1 = 91 .882 & 656 .22 = 91 882 
Saobracajni pregled, No. 4, p. 150. 

TLIC. — The economical utilisation of locomotives 
during normal and slack traffic periods. (3 pages & 


| diagr.) 


| ¢ 42.857 — M. Weissenbruch Co., Ltd., Printer to the King, 49, rue du Poingon, Brussels. 
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I. — BOOKS. 
1932 669 .1 
In French. MARS (G.). 
Les aciers spéciaux. 
: ; Paris (6°), Dunod, 92, rue Bonaparte. Un volume, 
I 1932 69 548 pages, 204 figures. (Prix 140 franes frangais.) 


MAROT (P.) & RIECKOF (C.). 

La statique expérimentale des constructions conti- 

aes. 

Paris (10°), Constructeur de ciment armé, 148, 

pulevard de Magenta. Un volume, 185 pages, tableaux 
70 figures. (Prix : 35 francs frangais.) 


1932 
PURCHOD (A.) 
Memento d’électrotechnique. Tome I. Electricité et 
magnétisme, : 
Paris (6°), Dunod, 92, rue Bonaparte. Un volume 
f3 X 21 em.), 526 pages, 182 figures. (Prix : 90 francs 
ancais. ) 


621 3 


+1932 | 669 


UILLET (L,) & PORTEVIN (A.). 

i Précis de métallographie microscopique et de ma- 
Pographie. : 

| Paris (6°), Dunod, 92, rue Bonaparte. Un volume 
6 X 25 em.), 406 pages, 136 planches & fig.) (Prix : 
8 francs frang¢ais. ) 

: Saar : 

1932 621 .43 
MACOVLEFF (D.) ; 
lProbleémes thermomécaniques du moteur a essence. 
| Paris (6°), Dunod, 92, rue Bonaparte. Un volume 
2 X 19 cm.), 280 pages et 62 figures. (Prix : 25 
pancs francais.) 


—1932- - ; = 656 (02 
|AISON (F.), Inspecteur général des mines. 
1 Exploitation technique des chemins de fer. 
' Paris (6°), Ch, Béranger, 15, rue des Saints-Peres. 
in volume (22 X 28 em.), 372 pages et 270 figures. 
ij a : 150 francs frangais.) 


I (1) The numbers placed over the title of eac 


feln. (Preis 


1932 é 624 (.43) _ 


1932 62. (01 & 691 
TARDE (M.), Ingénieur. 

La résistance des bétons en fonction de leur dosage. 

Paris et Liége, Librairie polytechnique, Ch. Béran- 
ger. Un volume, 162 pages et 32 figures. (Prix 
40 franes frangais.) 


in German. 


1932 313.385 
KELLERER. (Hans), Studienassessor. 
Mathematische Methoden in der Eisenbahnstatistik. 


Miinchen 2-M, Druck der Graph. Kunstanstalt A. Hu- 
ber, Neuturmstrasse, 2a und 4. 1 Band, 123 Seiten. 


1932 536 
MOLLIER (P.). 

Neue Tabellen und Diagramme fiir Wasserdampf. 

Leipzig, Leopold Voss & Briissel, Falk, Fils, 22, rue 
des Paroissiens. 1 Band, 32 Seiten und 2 Diagrammta- 
$f ioky ad geauE) 


SCHAPER (G.). 


Die iiber die grossen deutschen Stréme fiihrenden 


Eisenbahnbriicken, Rheinbriicken, Elbebriicken. - Oder- 
briicken. Weserbriicken, Leipzig, Leopold Voss & Briis- 
sel, Falk, Fils, 22, rue des Paroissiens. 1 Band, 51 Sei- 
ten und Abbildungen. (Preis : 4. R.M.) 


1932 2 69. (02 
SCHINDLER (R.). 

Handbuch des Hochbaues. Berechnung, Durchbildung 
und Ausfiihrung. a 


Wien, Julius Springer. 1 Band, 709 Seiten, 906 Ab- 


bildungen und 52 Zahlentafeln. (Preis : 39 R.M.) 


h book are those of the decimal classification proposed by the Railway Congress 
Brussels. (See « Bibliographical Decimal Classification as applied to 


‘niointly with the Office Bibliographique International, of : 
Be dete : ‘ November, 1897, of the Bulletin of the International Railway Congress, 


iRailway Science », by L. Weissenprucu, in the number for 
w. 1509). 
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NEWMAN (C. D.), M. B., B. S., D. T. M., & 
in English. trict Medical Officer, Eastern Bengal Ry. 
Studies in malaria as it affects Indian Raily 

1932 62. (01 & 669 1 Calcutta, The Manager, Government of India | 
DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL Pig ne eee eee ee Brae ter e 
RESEARCH. pete 8 a ae ose a 
The strength at high temperatures of a cast and a 1932 385. (08 
forged steel as used for ees construction. THE KANSAS CITY SOUTHERN RAILWAY 
London, W. C, 2. H. M. Stationery Office, Kingsway. PANY. 
(9 3/4 X 6 inches), 33 pages, illust. (Price : 9 d.) 


Thirty-second annual report for the fiscal year end 


1932 62. (01 (.73) December 31, 1931. 
Index to A. S. T. M, standards and tentative stan- 
dards. 1932 62. (C 

Philadelphia, Pa. Issued by the American Society for WRAIGHT (E. A.), A. R. S. M., M. I. M. M, ES 
\ Testing Materials, 1315, Spruce St. (6 X 9 inches), 121 Failures of engineering materials. 
. a ta Caleutta. Government of India, Central Publicatl 

, Branch. (9 3/4 X 6 1/4 inches), 32 pages. (Price 

a 1932 621 392 (02 | § sh. 3 4.) ; : . 


; HUBERT (E. H.), M. A. I. E. E. 
Manual of electric arc welding. f 
New York & London, McGraw-Hill Book Co. in Spanish. q 
(6 X 9 inches), 163 pages, halftones, diagrams and 3 
tables.. (Price : $ 2.00) ; 
ie Sm 1932 385 .113 (.460 
eas 1932 _ 621. (02 | COMPANIA DE LOS FERROCARRILES DE MADE 
ce. . Mechanical World Year Book, 1932. A ZARAGOZA Y A ALICANTE. 

Manchester (England). Published by Emmott & Co. Memoria presentada por el Consejo de Administré 
Ltd. (6 1/2 X 4 inches), 361 pages. (Price : 1 sh. 6 d.) | cion a la Junta general de sefiores accionistas, celeb 
da el 29 de mayo de 1932. Hjercicio de 1931. ; 
‘ 1932 614 .5 (.54) Madrid, Compania de los Ferrocarriles de Madrid | 

SENIOR WHITE (R.), F. R. 8S. E., F. E.S., F. R. 8. T. | Zaragoza y a Alicante. 1 libro, 251 paginas, cuadros 

M. & H. Malarialogist, Bengal Nagpur Ry. & | diagrama. 


- < . { one .385. (08 } | 
| Il. — PERIODICALS. Sects ae 


Bulletin de la Société des ingénieurs civi ‘ 
de France. (Paris.) 


1931 656 4 re 656 
. Bulletin. de la Soe, Ee ing. civ. de wae Septem 
octobre, p. 1189. 


JAVARY (P.). — La Ghitanctables du chemin d e 
et at la route, (12500 mots et cartes.) ; 


1931 


Bulletin de la Soc, des ing. civ. ae ‘Hieeage Septe 
octobre, p. 1219. 


MOUTIER (A.). — Le rail au service de la fe 
des marchés, de lusine et du megeein. (10 200 m 


1932 624 32 (.44) 1931 


< In French. 


Annales des ponts et chaussées. (Paris.)- 
a * 1932 = 625 .13 | 
Annales des ponts et chaussées, mars-avril, p. 271. 
SCHLUMBERGER (C.) & LEONARDON (E. G.). — 


_ Application de la prospection électrique & Vétude des 
“Projets de tunnels et de barrages. (4600 mots & fig.) | 


_—* “Annales des ponts et chaussées, mars- -avril, p. 290, Bulletin de la Soe, des ing. civ. “ds France, Ss 
«LAZARD (R.). — Démolition des fondations de Van- | octobre, p. 1245. - 


- eien iat cae de la ligne de Nantes a Pornic. (2100 | © BONNET. — L’emploi des pou” col niaux en 
roe “mots & fig.) 1 verses de chemins de fer. (8 000 go any 
tak ‘3 


= -) ~ 
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“1931 656 .212.6 Chroni i 
‘Wletin de la Soc. des ing. civ. de France, Septembre- tug Ges Bansporis.-( Pans) 


octobre, p. 1269. 


}LEROUX (P. E.). — Reprise des stocks et charge- 
int en wagons ou en bateaux des matiéres telles que 
}) charbons et cokes, les sels potassiques, les pierres 
Ksables, les terres et phosphates, et divers produits 
imiques avee dispositifs permettant le criblage~ et 
pelassement automatique par grosseur. (19000 mots 


1951 

llletin de la Soc. des ing. civ. de France, 
octobre, p. 1388. 

BARTHELEMY (E.). — Le transport 
pgons de chemins de fer par remorques 

Jicte-wagons, ses applications en Europe 

nies. (5500 mots & fig.) 


656 1 


Septembre- 


routier des 
automobiles 
et aux co- 


1931 621 135.2 & 625 214 


@lletin de la Soe. des ing. civ. de France, Septembre- 
octobre, p. 1415, 


SBRILLIE (H.). — Contribution A V’étude du grais- 
we des fusées d’essieux des matériels roulants. (4100 
bts & fig.) 


Bulletin de l'Union internationale 
des chemins de fer. (Paris.) 


1 1932 385. (09 (.498) 
Wl. de Union intern. des ch. de fer, avril, p. 109. 


Les chemins de fer roumains. Rapport sur l’exécu- 
m de leur programme damélioration. (11 600 mots.) 


’ 

11932 385 .1 (.44) 
ie de V’Union intern. des ch. de fer, avril, p. 123. 
es chemins de fer francais. (6700 mots.) > 


g 
n1932 625 .214 
hl. de Union intern. des ch. de fer, avril, p. 133. 


fluence des erands froids sur les organes de rou- 
ment des véhicules. (5 600 mots.) 


: ‘Bulletin des transports internationaux 
par chemins de fer. (Berne.) 


1932 313 .385 (.497.2) 
jill. les transp. intern. par ch. de fer, juin, p. 357. 

Résultats de Vexploitation des chemins de fer de 
cat bulgare pendant les exercices 1928-29, 1929-30 et 
930-31. (500 mots.) 


alletin technique de la Suisse romande. (Vevey.) 
1932 62. (01 


will. tech. de la Suisse romande, n° 12, 11 juin, p. 138. 
achine Amsler, de 3000 ker. avee four électrique 
la détermination simultanée du « point de fluage > 
quatre éprouvettes. (3400 mots oss 


| 


| 
| 


_ 1932 385 (44) 
Chronique des transports, no 11, 10 juin, p. 3. 
La rationalisation dans les chemins de fer frangais. 


(4500 mots.) 
Génie civil. (Paris.) 
1932 669 
Génie Civil, n° 2599, 4 juin, p. 559, 
BASTIEN (P.). — Remarques sur la caractérisation 


expérimentale de la dissolution des métaux par les 
réactifs chimiques. (2200 mots & fig.) 


1932 : 624. (06 


Génie Civil, n° 2599, 4 juin, p. 569. 
Le I*? Congrés international des Ponts et Charpentes 
(Paris, 19-25 mai 1932). (900 mots.) 


1932 
Génie Civil, no 2600, 11 juin, p. 581. 
GUILLET (L.). — La métallurgie du nickel. (8 000 
mots & fig.) 


669 


1932 62. (OL 
Génie Civil, n° 2600, 11 juin, p. 592. 
WOLKOWITSCH (D.). — Flexion sans torsion des 


piéces droites dont le profil présente un seul axe de 
symétrie. (4900 mots & fig.) 


1932 621 .13 (.44) & 621 .33 (.44) 
Génie Civil, n° 2600, 11 juin, p. 599.- 

Comparaison entre la traction 4 vapeur et la trac- 
tion électrique, 4 propos d’un projet d’extension de 
Vélectrification des réseaux francais. (2 200 mots.) 


1932 669 
Génie Civil, n° 2601, 18 juin, p. 613. 

GUILLIET (L.). — Propriétés et applications du 
nickel et de ses alliages. (5000 mots & fig.) 


1932 656 .1 (.44) & 656 .2 (.44) 
Génie Civil, n° 2601, 18 juin, p. 617. — 

La crise des réseaux de chemins de fer francais. La 
concurrence du rail et de la route. (6700 mots.) 


La Traction électrique. (Paris.) 


1932». ; 
La Traction Electrique, février, p. 15. 


JURANEK (Ch.). — Les voies ferrées électriques de 


Tchécoslovaquie., (3100 mots & fig.) 


1932 : 
La Traction Electrique, février, p. 29. 
PODOSKI (J.). — Electrification du neud ferro- 
viaire de Varsovie. (9900 mots & fig.) 


621 .33 (.438) 


621 .33 (.437) _ 
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Les Chemins de fer et les Tramways. (Paris.) 


1932 621 .132.3 (.73) & 621'.132.5 (.73) 
Les Chemins de fer et les Tramways, juin, p. 105, 

SPIESS (E.). — Locomotives 4 vapeur 2-4-2 aux 
Mtats-Unis. (7200 mots, 2 tableaux & fig.) 

1932 621 .133.7 
Les Chemins de fer et les Tramways, juin, p. 112, 


VIE (G.). — Alimentation des chaudiéres de locomo- 
tives par pompes syst®éme « Dabeg ». (2800 mots & 
fig.) 

1932 625 .151 


Les Chemins de fer et les Tramways, juin, p. 114. 


DUCHESNOY. — Les croisements superposables, (500 
mots & fig.) 


1932 621 .336 
Les Chemins de fer et les Tramways, juin, p. 118. 


Perfectionnements aux prises de courant des omni- 
bus & trolley. (900 mots & fig.) 


L’Industrie des voies ferrées et des transports 
automobiles. (Paris.) 


1932 625 .26 
L’Ind. des voies ferrées et des transp. autom., mai, 
p. 189. 
% Dégraissage, Décapage, Lavage, Séchage des métaux. 
as (1200 mots & fig.) 
fe 1932 385. (09 
% LInd. des voies ferrées et des transp. autom., juin, 
‘ : p. 162. 
DUPUIS, CHAUCHAT & JOURDAIN. — La situa- 


tion générale des chemins de fer, des chemins de fer 
Wintérét local et des transports publics automobiles. 
> Se Résumé des communications faites au Groupement des 
A transports de l’Association Amicale des Ingénieurs des 
Arts et Manufactur es. (8 800 mots.) 


Revue générale des chemins de fer. (Paris.) 
1932 


' Revue générale des chemins de fer, juin, p. 469. 
CARDON, — L’entretien et la réparation des loco- 


motives et automotrices électriques au chemin de fer 
@Orléans. (10800 mots & fig.) 


1932 651 (.44) 
Revue générale des chemins de fer, juin, p. 492. 

LEGOUX. — Machines 4 imprimer les billets. Leur 
emploi & la Compagnie des Chemins de fer de l'Est. 
(3 800 mots & fig.) (Suite et fin.) 


= 
ed 


ey 


a 

’ 
a 
> 


2 
a 


625 26 (.44) 


Not générale des chemins de fer, juin, p. 501. 


fig.) ) 


621 138.5 (.44) 


LASSAIGNE, — Entretien des triples valves Wes- | 
tinghouse aux Ateliers de Noisy-le-See. (2300 mots & ; 


| 1928-1929 und 1929-1930. 


1932 656 | 
Revue générale des chemins de fer, juin, p. 509. — ai 

LE BESNERAIS (R.). — La sécurité des voyager 
en chemin de fer, (18200 mots & fig.) 


621 .43 (4% 
juin, p. 564. 
Résultats d’essais de la locomotive Diesel a air co i 


1932 


Revue générale des chemins de fer, 


primé des Chemins de fer du Reich. (1 900 mots 
fig.) a 
Se t 


Revue politique et parlementaire. (Paria 


1932 385. (09 
Revue politique et parlementaire, 10 juin, p. 542. 


VIATOR. — Les chemins de fer en Russie soviet 
au seuil de 1932. (2900 mots.) 


1932 624 5 (7 
Revue universelle des mines, n® 11, 1° juin, p. 48 
n° 12,15 juin, p. 514. 
TOURNAY (Ch.). — Le pont George Washingtor 
New-York. (4300 mots & fig.) (A suivre.) 


In German. 


Archiv fiir Eisenbahnwesen. (Berlin.) 


1932 656 .2] 
Archiv fiir Eisenbahnwesen, Mirz- -April, S. :297, 


GIESE (K.). — Der Hafenbahnvertrag in The 
und Praxis. Zur Frage der Organisation des Ha 
bahnbetriebs. (17 900 Worter. ) 

1932 656 (4 


Archiv ftir Hisenbahnwesen, Mirz-April, S. 345. — 
GRETSCH (Dr. R.). — Die einheitliche Verkeh 


regelung in England. (10 000 Wérter & 2 Tafeln.) (E 
setzung.) 


1932 385 1 ( 
Archiy fiir Eisenbahnwesen, Miirz-April, S. 381. 
MERKERT (E.). — Die gefahrdete Lage der a 
rikanischen Eisenbahnen, (11000 Worter, 2 Tafel 
Abb.) (Schluss.) eg 


1932 | 313 385 (. 
Archiv fiir Eisenbahnwesen, Miirz-April, S. 442. 


Die Eisenbahnen in Dinemark in den Betriebsj 
(1 500 Worter.) > 


——— 


1932 _ 


Vichiv fiir Eisenbahnwesen, Miirz. 


THOMSEN. — Die Eisenbahnen 
| jhren 1928-29 und 1929-30, (2 200 


S. 469. 
in Norwegen in den 
Worter. ) 


1/1932 
Hchiv fiir Hisenbahnwesen, Miirz, S. 481, 


PROMAK (B.). Die Koniglich-Ungarischen Staats- 
jiknen im Betriebsjahr 1928-29. (4000 Wérter.) 


1932 385. (09 (.495) 
Ichiv ftir Eisenbahnwesen, Miirz, S. 501. 
Die Hisenbahnen Griechenlands. (500 Worter.) 


313.385 (.439) 


Die Lokomotive. ( Wien.) 
1932 


He Lokomotive, Juni, S. 97. 


pSLEERAN. — Die Ziele im Bau englischer Schnell- 
Pedokomotiven. (10500 Worter & Abb.) 


1932 
#e Lokomotive, Juni, S. 112. 


WDie Grenzen der Dampflokomotive hinsichtlich Zug- 
aft und Geschwindigkeit, (2 600 Wéorter.) 


621 .13 (.42) 


621 .131.1 


Elektrische Bahnen. (Berlin.) 


1 1932 621 .335 (.494) 
sektrische Bahnen, Mai, S. 101. 
‘STEINER (F.). — Uber emen neuen Einphasen- 


fotorwagen der Maschinenfabrik Oerlikon (M. F. O.) 


rv die Schweizerischen Bundesbahnen (8. B. B.). (4 400 
orter & Abb.) : 
it 1932 625 .216 


ektrische Bahnen, Mai, 8. 108. 
HBALKE (H.). — Selbsttatige Steuerstrom-Kupplun- 


( oS Starkstromkontakten fiir Mittelpufferkup- | 
elektrischer Bahnen. (1 600 Worter & abby 
621 .33 


ektrische Bahnen, “Mai, 8. 111: | 
HORWALD (H.). — Streckenimpedanz und Schienen- 
«om bei Einphasenbahnen. & Abb.) 
sehluss. ) 


(4700 Worter 


313.385 (.481) | 


; Hochdruckverfahren. 


Glasers Annalen. (Berlin.) | 


32) ‘ 621 .43 (.43) 
lasers Annalen. Heft 10, 15. Mai, S. 85; Heft 11, 
Pun, S. Ov. : f 
EDERSTRASSER (L.). — Bauliche Entwicklung 
r Kleinlokomotiven der Deutschen Reichsbahn. (8 500 | 

ter & Abb.) (Schluss ‘folgt.) ; 


b) 621 .8 
ers Annalen, Heft 11, 1. Juni, S. 90. ‘ 
HMANN (E.). — Ein neuer gehormter Hangekran, 

Y oy ort & Abb.) . 
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Organ fiir die Fortschritte des Eisenbahnwesens. 


(Berlin.) 
_ 1932 621 .132.6 (.436) 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
Male Junin Sea2 lS. 
LEHNER. 2-C-2 Heissdampf-Zwillings-Tenderloko- 


motive Reihe 729 der Gsterreichischen Bundesbahnen. 
(5200 Worter & Abb.) : 


1932 625 143.5 
Organ fiir die Fortschritte des Eisenbahnwesens, Heft 
125 Wisc hunait, (Sh. P25}, 
SALLER (H.). — Blattfederoberbau nach Riiping. 
(4700 Worter & Abb.) 


1932 625.253 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
2 lon UD, So 2a, 


HIEDEBRAND’ (W.). 
Hildebrand-Knorr-Bremse. 


— Entwicklungsgedanken der 
(2 800 Wirter. & Abb.) 


Zeitschrift des Vereines Deutscher Ingenieure. 
(Berlin.) 


1932 62. (01 & 621 .116 
Zeitschrift des Vereing deutscher Ingenieure, Nr. 23, 
4, Juni, S. 551. ‘ 
DAEVES: (K.), PFEIFFER (E.) & URBANCZYK 
(G.). — Werkstoffuntersuchungen an alten Dampf- 
kesseln. (3.900 W6rter & Abb.) 
1932 621 134.3 (.44) 


Zeitschrift des Vereins deutscher Ingenieure, Nr. 23, 
4, Juni, S256. 


ROTHHAAS (L.). — 60 at-Hochdrucklokomotive der 
Paris-Lyon-Mittelmeer-Bahn nach dem Schmidtschen 
(1 400 Worter & Abb.) 


Zeitung des Vereins deutscher Eisenbahn- 
verwaltungen. (Berlin.) 


1932 385 
Zeitung des Vereins deutsch. Eisenbahnverw., Nr. 22, 
(2h “Juni, B2-479.405 
yon BECK (E.). — Beitriige zur 
Verkehrswesens an die Wirtschaftslage. (7 500 Wéorter.) 


1932 656 .224 (.43) 
Zeitung des Vereins deutsch. Eisenbahnverw., Nr. 23, 
9. Juni, S. 497. 
BAUMGARTEN. — Der Personenverkehr der. Deut- 
schen Reichsbahn im Jahre 1931. (7900 Wéorter.) 


1932 385 .1 (.492) 
Zeitung des Vereins deutsch. Eisenbahnverw., Nr. 24,: 
16. Juni, S. 517. 
ELIAS. (P.). —. Die Eisenbahnen. in den Niederlan- 
den. (2800 Worter & Abb ‘ 


Anpassung des. 


a ae 
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625 2 (OL | 


Hisenbahnverw., N. 24, 


1932 
Zeitung des Vereins deutsch. 
16. Juni, S. 522. 


WENTZEL. — Untersuchungsanlage fiir das Studium | 


des Rollvorgangs und des Laufwiderstands von Schie- 
nenfahrzeugen. (2000 Worter & Abb.) 


656 .212.5 


Hisenbahnverw., Nr. 25, 


1932 
Zeitung des Vereins deutsch. 
23. Juni, S. 542. 
WERNER. — Das Raumen der Richtungsgleise in 
Verschiebebahnhifen. (1100 Wérter & Abb.) 


In English. 


Engineer. (London.) 


1932 624 .32 (.66) 
Engineer, No. 3986, June 3, p. 603. 


The Benue bridge in Nigeria. (1900 words & fig.) 


1932 
Engineer, No. 3986, June 3, p. 609. 
New Canadian research laboratories. 
fig.) 


1932 
Engineer, No. 3986, June 3, p. 611. 
Research on the L. M. S. Railway. 


1932 
Engineer, No, 3986, June-3, p. 612. 
Electrification of French Railways. 


(8 600 words & 


385. (072 (.42) 
(3 000 words.) 
621 .33 (.44) 


1932 625 .144.4 (.42), oe ele (.42) 
& 625 .46 (.42) 

Engineer, No. 3986, June 3, p. 622. 

L. M. 8. Railway plough brake van. (450 urane) | 

1932 656 .222.1 (.42) 
Engineer, No. 3987, June 10, p. 638. 

BAKER (H.). — The Great Western record. (1 600 | 
words.) 

~ 1932 : 62. (01. 


Engineer, No. 3987, June 10, p. 644. 
Self-indicating universal testing machine. 
words.) 


1932 62. (01 & 621 .13 (0 
Engineer, No, 3988. June 17, p. 656. 


REED (B,). 
parts. (5300 words, tables & fig.) 


1932 


(2 300 


669 1 


£ Engineer, No. 3988, June 17, p. 663. 


Stainless iron and steel production. 


~ 1932 
Engineer, No, 3988, June LT, pa O71, , 
An_ interesting bridge replacement operation: (1 500 


(3 400 words.) 
625 .13 (.45) 


— é eras & fig.) 


385. (072 | 


(2800 words.) | 


— Pressure and stresses in locomotive 


& fig.) 


1932 
Engineer, No. 3988, June 17, p. 674. 


An oil-electric shunting locomotive. (600 words & Ht 


1932 625 .246 (4 
nea i No, 3988, June 17, p. 675, 
W. R. tracks for milk tank trailers. (300 ? 


Engineering. (London.) a 


1932 62. a & Gy 
Engineering, No. 3464, June 3, p. 645. : 
DOCHERTY (J. G.). — Bending tests on geom 
cally similar notched ‘bar specimens. (4700 words 
fig.) : 


1932 
Engineering, 
SKINNER 


625 .246 (4 i 


& Fes 


No. 3464, June 3, p. 647. 
(F. W.). — New York electric su 


1932 J «614 
Engineering, No. 3464, June 3,-p. 650. 


Fire protection of oil and petrol storage tanks. 
words & fig.) 


1932 
Engineering, No, 3464, June 3, p. 667. 


621 . 


OUDET (J.). — Recent developments of the fo; 
cylinder compound locomotive. (1400 words & fig # 
1932 621 


Engineering, No, 3464, June 3, p. 670. 
BOSWALL (R. 0.). — The film lubrication of # 
journal bearing. (4300 words, tables & fig.) 


1932 656. (06 (48 
Engineering, No. 3465, June 10, p. 682. - 
Railway rationalisation. (4200 words & fig.) — 


1932 621 .18 (.89) & 621 .31 (. 
Engineering, No. 3466, June 17, p. 703. 


Fuel consumption tests : State electric power | i 
tion Montevideo, (4400 words & fig.) 


1932 
Engineering, No. 3466, June 17, p.-719. 
Fuel research and transport. (3 100 words.) 


656. (06 (42 


Engineering News-Record. (New York.) 
1932 625 13. 


Engineering News-Record, No. 20, May 19, p. 7 


RUSSELL (T. F.). — Bottom heading driving 
nadian Pacific Railway tunnel in pruebas tL EO y 


1932 6 
Engineering News-Record, No, pal May 26, 


Longest railway lift bridge is built i 
Kansas-Texas Railroad. (1 500 words & mite . 


1932 625 .13 (.73) 
wngineering News-Record, No. 21, May 26, p. 757 
fHXUM (J. P.). — Revamping a 28-year old steel- 
uss bridge. (1500 words & fig.) 


62. (01 & 721 3 
igineering News-Record, No. 21, May 26, p. 764. 


[Tests provide new data on concrete-column design. 
+ 400 words, 3 tables & fig.) 


1 1932 621 392 & 721 9 
jgineering News-Record, No. 21, May 26, p. 769. 

SSEELYE (E. E.). — Assuming responsibility for 
wuctural welding. Precautions and procedure, (2 200 
prds & fig.) 


721 4 (.73) & 725 31 (73) 
mgimeering News-Record, No. 23, June 9, p. 817. 
*PAYZANT (O. S.). — Parallel trusses carry dome of 
amcinnati station, (2300 words & fig.) 


1932 624. (0 & 624 .51 
@imeering News-Record, No. 23, June 9, p. 828. 
EBEGGS (G. E.), TIMBY (EH. K.) & BIRDSALL (B.). 
‘Suspension bridge stresses determined by model. 
(000 words & fig.) 


(Great Western Railway Magazine. (London.) 


1932 625 .172 (.42) & 625 .175 (.42) 
reat Western Ry. Magazine, June, p. 219. 

GROOK (Ff. C.). — The « economic » and « motor 
nomic » systems of track maintenance. (1 300 words 
| fic.) 


Indian Railway Gazette. (Calcutta.) 


11932 621 33 (.494) 
dian Ry. Gazette, May, p. 115. 


iThe Swiss Federal Railways. Electric traction on the 
otthard line. (2400 words & fig.) 


; 


Journal, Institution of Engineers, Australia. 


evict ane 


; (Sydney, N. S. W.) 
1932 621 .392 ( 944) & 624, (.944) 
urnal, Institut. of Engineers, Australia, April, p. 113. 


} COCKBURN (G. R.). — Electric arc welding as 
P lied to railway bridges, with particular reference 
he railway bridge over the Hunter River at Single- 
n, New South Wales.. (5 900 words & fig.) 


Journal, Institute of Transport. (London.) 


1932 621 .33 (.54) 
nal, Institute of Transport, June, p. 411. 

(DALI (F.). =>\Lhe electrification of the mene 
and certain main-line sections of the Great Indian 
penis Railway. (17 000 ca 


— 111 — 


1932 
Journal, Institute of Transport, June, p. 440. 


PEPLER (G. L.). — Town planning and transport. 
(12 000 words & fig.) 


388 


Journal, Permanent Way Institution. (London.) 


1932 625 .14 (01 
Journal, Perm. Way Institution, April, p. 70. 


WALKER (R, D.). — Modern trends in permanent 
way maintenance and design. (14400 words & fig.) 


1932 625 143.2 & 625 15 
Journal, Perm. Way Institution, April, p. 104. 


HILL (T.). — Manganese steel switches, crossings, 
and rails. (3800 words & fig.) 
1932 625 142.2 (.66)- 


Journal, Perm. Way Institution, April, p. 113. 
WALMSLEY (H.). — Wood sleepers in Sudan. (5 300 
words.) 


Locomotive, Railway Carriage and Wagon Review 
NA g § 


(London ) 
1932 621 131.2 
Loc., Ry. Carr. & Wag. Review, June 15, p. 209. 
PHILLIPSON (E. A.). — Steam locomotive design : 


data and formule. (1400 words & fig.) 


1932 
Loe., Ry. Carr. & Wag . 
The Diesel- electric locomotive in Russia. 


621 .335 (.47) & 621 .43 (.47) 


Review, June 15, p. 211. 
(3 800 words 


| & fig.) 


1932 
Loe., Ry. Carr. & Wag. Review, 
Electric locomotive design : V. 


621 .335 
June 15, p. 216. 
(1200 words & fig.) 


Modern Transport. (London.) 


1932 656 .212.6 (.42) & 656 .215 (.42) 
Modern Transport, No. 688, May 21, p. 3. 

BINNS (A.). — Mechanical equipment of the Port of 
London. (4200 words & fig.) 


1932 
Modern Transport, No. 688, May 21, p. 7 
Can train weights be reduced ? —Possibilities in use 
of omnibus bodies. (1000 words & 1 table.) 


1932 ; 621 .138.5 (.42) 
Moden Transport, No. 689, May 28, p. 4. 

WOOD (W. V.).— Seger mint of costing methods 
on L. M. S. R. (4300 words & fig.) (To be continued.) 


1932 625 .26 (.42) 
Modern Transport, No. 689, May 28, p. 4. 
Section, p. IT. 


625 .23 (0 


Labour-saving methods i in carriage and wagon build. 


ing at Derby Works, L.. M. 8. R. (5 500 words & fig.) 


— 112 — 


1932 656 .253 (.42) 
Modern Transport, No. 689, May 28, Buxton Congress 
Section, p. VIII. 


Four-aspect installation at Victoria and Exchange 
stations, Manchester, L. M. 8. R. (2800 words & fig.) 


1932 621 .33 (.42) 

Modern Transport, No. 689, May 28, Buxton Congress 
Section, p. XIV. 

Electrification of Manchester, South 
Altrincham Railway. Conversion on 
current system, as recommended by Railway Electrifi- 
cation Committee of 1927, (4300 words & fig.) 


1932 
Modern Transport, No. 690, June 4, p. 3. 
Pooling of traffic. (3200 words.) 


1932 
Modern Transport, No, 690, June 4, p. 5 


Compound locomotives for Ireland. 
fig.) 


1932 621 .138.5 (.42) 
Modern Transport, No. 690, June 4, p. 6. 

WOOD (W. V.). — Development of costing methods 
on L. M. S. R, (£300 words & fig.) (Coneluded.} 


1932 


Junction and 


Section, p. V. 
The Manchester ship canal and docks. 
& fig.) 


1932 621 .43 (.494) 


Modern Transport, No. 690, June 4, Buxton Congress 


Section, p. IX. 
: Diese! engines for rail transport. (2100 words & 
ig.) 

UGB 656 .212.6 (.42) & 656 .213 (.42) 


Modern Transport, No. 690, June 4, Buxton Congress 
Section, p, XV 


- Handling at docks and terminals. (2800 words & fig.) 


1932 656 .212.6 (.42) 
Modern Transport, ‘No. 690, June 4, Buxton Congress 
Section, p. XXI. 


Modern mechanical equipment at port of Manchester * 


warehouses. (1 300 words & fig.) 


1932 f 656 .212.9 (.42) 
Modern Transport, No, 690, June 4, Buxton Congress 
~ Section, p. XXII, 


Problem of internal transport. — Movement of goods 
in factories and works. (1 800 words & fig.) 
1932 656. (06 (.42) 


Modern Transport, No. 691, June 11, p. 3. 


The Buxton Congress, Institute of Transport. 2 400 


; Ses ) 


1932 625 .26 (. 42) 
Modern Transport, No, 691, June tt p. 5. 


_ LEMON (E. Ji H.). a Rationalisation on. the, L.-M.. 
8. Pia 400 words, ) ; 


1500-volt direct | 
: Modern Transport, No. 692, 


656.233 (.42) | 


621 132.3: (.41) & 656 .222.1 (.41) | 


(1200 words & | 


656 .213 (.42) | 
Modern Transport, No, 690, June 4, Buxton Congress 


(4200 words 


“mass-production factory. 


1932 
Modern Transport, No. 691, June 11, p. 10. 


WHEELER (R, V.). — Fuel research in relation ; 
transport. (6800 w ords.) “f 
1932 385. (072 (4 : 


Modern Transport, No. 691, June 11, p. 15. 


HARTLEY (Sir Harold). — Scientific vescall 
the London Midland & Scottish Ry. (8 600 words.) 7} 
pe a 


1932 656 .1 (.42) & 656 .261. 
JOE 18s Pelee 


Milk transport on the Great Western Railway. (7 
words & fig.) i 


Proceedings, American Society of Civil Engingg 
(New York.) 
1932 
Proe., Amer. Soc. of Civil Eng., May, p. 729. 


Standard symbols and glossary for hydraulics a 
irrigation compiled by the special committee on if 
gation hydraulics. (11 600 words.) 


1932 
Proc., Amer. Soc. of Civil Eng., May, p. 775. 
PAASWELL (G.), GRIFFITH (J. H.) & GR 
(H. E.). — Soil mechanics research, (5 800 words & 


Proceedings, Institution of Mechanical Engineer 
(London.) ; 


1931 42 
Proc., Instit. of Mech. Engineers, vol. 121, p. 315, f 


CARPMAEL (R.). — The manufacture and use | 
steel railway sleepers. (28 009 words & fig.) 


1932 
Proe., Institut. of Mech. Engineers, vol. 121, p. 465.~ 
DYMOND (A. W. J.). — Some factors affecting 
riding of coaching stock. (25 000 words & fig.) 


1932 621 .85, 621 86 & 621 
Proc., Institut. of Mech. Engineers, vol. 121, p. 559. 
BEEBY (W. L.). — The handling of materials i 
(4200 words & fig.) _ 


1932 621 
Proc., Institut. of Mech, Engineers, vol. 121, p. 573 


RUSSEL (C. H.). -+ Modern machine-tools. 
words & fig.) ; 


Railway Sie (New York.) 


1932 

Railway. Age, No. 22, May 28, p. 896. . uh 
Norfolk & Western cleans up roadway stock, 

words & fig.) 


> 


1932 eee 3 
Rall ware Age, No. 92, May 28, P 898. apt. 
Six-hour day investigation. @ 300 words. : 


625 .142 (.73) 
lilway Age, No. 22, May 28, p. 901. 
tailways face shortage of ties. (3200 words.) 


1932 — 134.1, 621 135.2 & 625 .214 
Railroad apacation Ane ae ae S. M. E. confe- 
pice. (2 600 words.) 

656 .255 (.73) 
lilway Age, No. 22, May 28, p. 907. 


©entralized traffic control on the Boston & Maine. 
400 words & fig.) 


11932 
ililway Ace, No. 22, May 28, p. 916. 

Another North Shore Line innovation. 
‘) trucks now handled on flat cars. (1900 words & 


656 .21 (.73) & 656 .22 (.73) 
lifvay Age, No. 23, June 4, p. 936. é 

PBAL (J. E.). — How the Chesapeake & Ohio has 
“reased its operating efficiency. (3400 words & fig.) 


1932 614 .7 (.73) & 621 .133.4 (.73) 
lilway Age, No. 23, June 4, p. 941. 

# fighting smoke in Hudson county, New Jersey. (1 800 
prds'& fig.) 


1932 ; 

lilway Age, No. 23, June 4, p. 952. 
WOCK (C. S.). — British railways show fight. 
brds & Be) 


385 .113 (.42) 


(3 800 


1932 
+ ial Age, N 3, June 4, p. 973. 

setter water pasatvoad pay large dividends. 
s & fig.) 


1932 625 .214 (.73) 


lilway Age, No. 24, June 11, p. 976. 


200 words, tables & fig.) 
1932 

ay Age, No. 24, June 11, p. 979. 

‘est of six-hour day proposed. (2 300 words.) 


: 621 .335 (.73) 


385 .581 (.73) 


iioy Age, No, 24, June 11, p. 983. 
Design of new electric locomotives substantiated by 
Pformance. (2200 words & fig.) 


Railway Engineer. (London.) 


Yy Engineer, June, p. 202. 
matic train control in America. (6500 words.) 


irom wie oe 621 .132.3 (.42) 


creat locomotive. (900 words.) 


656 .225 (.73) & 656 .261 (.73) 


Loaded (mo- | 


seeks 133.7 (.73) & 725 .33 (.73) 


(2 700 


journal packing reclamation plant saves 82 per cent. | 


656 .254 (.73) - 


_ Railway Engineer, 


| 


— 113 — 


1932 3 
Railway Engineer, June, p. 203. 
Locomotives for waterless countries. 


1932 


Railway Engineer, June, p. 204. 


621 132.8 (.82) 


(400 words.) 


621 .132.7 & 621 .43 


GRIME (T.). — Steam or Diesel for shunting ? 
(4 300 words & fig.) 
1932 656 .254 (42) 


Railway Engineer, June, p. 208. 


Improvements in the working of the Lickey incline, 
L. M. §. R. (1700 words & fig.) 


1932 : 
Railway Engineer, June, p. 211. 


Main-line electrification in Austria. 
fig.) 


621 .33 (.436) 


(3 400 words & 


1932 621 .392 (.42) & 624 (.42) 


Raitway Engineer. June, p. 215. 


Welding of railway bridges on the London & North 
Eastern Ry. (2200 words & fig.) 


1932 


June, p. 221. 


New machine tools for railway workshops. 
words & fig.) 


1932 


Railway Engineer, June, p. 223. 
A new grinding machine. (1000 words & fig.) 


1932 621 132.3 (.44) 
Railway Engineer, June, p. 225. 

A noteworthy French locomotive development. (3 000 
words & fig.) 


1932 


(1 200 


621 .94 (.42) 


| Railway Engineer, June, p. 228. 


Mobile trucks for railway use. — VI. The Slingsby- 
automatic battery trucks. (1 600 words & fig.) 


1932 621 132.8 (.82) 
Railway Engineer, June, p. 230. 
A new condensing locomotive. 


Railway Engineering and Maintenance. (Chicago.) 
1932 621 .133.7 (.73) &.725 33 (.73) 
Railway Engineering & Maintenance, June, p. 383. 


The Baltimore & Ohio is « sold » on water treatment. 
(4700 words & fig.) 


1932 385 .586 (.73) & 625 17 (.73) 


“Railway Engineering & Maintenance, June, p. 387. 


VESS (H. B.). — Training foremen for maintenance 
work. (4700 words & fig.) 


1932 


Stopping slides with an effective drainage Noe 
(1500 words & fig.) 


621 .9 (.42) 


621 .334 (.42) . 


(4500 words & fig.) . 


625 .123 (.73) 
‘Railway Engineering & Maintenance, June, p. 391. 


Sai ee . 4 


Railway Gazette. (London.) 


1932 656 .257 (.54) 
Railway Gazette, No. 21, May 20, p. 743. 

Power signalling installation in India, (2 300 words & 
fig.) 

1932 621 .43 
Railway Gazette, No. 21, May 20, p. 748. 

MI{ALL (S.), —- Transmissions for Diesel locomotives 


and railcars. (800 words & fig.) 


1932 
Railway Gazette, No. 
Diesel railcars for service in France, 
fig.) 


621 .43 (.44) 
21, May 20, p. 751. 
(1300 words & 


- 1932 621 .335 (.593) & 621 .43 (.593) 

Railway Gazette, No. 21, May 20, p. 752. 
Diesel-electric stock in Siam. (1000 words & fig.) 
1932. 621 .43 (.42) 


Railway Gazette, No. 21, May 20, p. 754. 
Dorman-Ricardo Diesel engine. (600 words & fig.) 


1932 656 .1 (.54) 
Railway Gazette, No. 22, May 27, p. 773. 


pete 1932 625 .172 (.42) 
Ei Railway Gazette, No. 22, May 27, p. 774. 


An automatic recording machine for track defects, 
cca > (1900 words & fig.) 


ba 1932 625 .26 (.42) 
ie Railway Gazette, No. 22, May 27, p. 779. 
eet. Mass nein of wagons at Derby, L. M. S. R. 


Bh (1200 words & fig 


19325 621 .43 (.42) 
Railway’ Gazette, No. 22, May 27, p. 782. 


~ Drewry Diesel-engined shunting locomotive. (600 
words & fig.) 
1932 A 621 135.2 


. Railway Gazette, No. 22, May-27, p. 784. 


An important development i in ball and roller pPrenie: 
(1000 words & fig.) 


1932 656 .233 (.42) 
Railway Gazette, No, 23, June 3, p. 805. 


L. M. S. and L. N, E. R. pooling scheme. 
-. words.) 


1932 _ 625 .26 (.42) 
Railway Gazette, No, 23, June 3, p. 807. 
LEMON (fi. J. H.). — Rationalisation on the L. M. 8. 
R. — A description of the steps taken to effect econo- 
; ie and increase efialeney, Results achieved. (2 700 
cee an WOKS: 


1932 ; ~ 


(2 900 


Road and railway competition in India. (1 100 words.) 


P. 385. (072 (.42) 
Railway Gazette, No. 23, June 3, p. 809. 

Bo2 0s _ HARTLEY (Sir Harold), — Scientific research on— 
poe the L. M. §. R. ie Sa P 


1932 656 .1 
Railway Gazette, No. 23, June 3, p. 812. 


Successful road motor services in South Africa, 
words.) 


1932 
Railway Gazette, No. 24, 
A world railway speed record. 
table.) 


656 .222.1 (Ai) 
June 10, p. 835, 
(1100 words & 


621 .133 


1932 
Railway Gazette, No. 24. June 10, p. 837. = 
Fuel research in relation to railways. (1 400 words) 
1932 656 
Railway Gazette, No. 24, June 10, p. 838. a 
The road and rail controversy. (800 words.) va | 
1932 621 .33 (4 ‘ 


ole 


Railway Gazette, No. 24, June 10, p. 841. 


An interesting Swiss electrification : Bodensee-4 
genburg Railway. (1400 words & fig.) 


1932 
Railway Gazette, No. 24, Jume 10, p. 844. 
Railway lighting. (1900 words & fig.) 


1932 625 .244 ( 
Railway Gazette, No. 24, June 10, p. 847. 


Refrigerator wagons for fruit transport in Arge@ 
(1 000 words & fig.) 


1932 625 232 | &; 
Railway Gazette, No. 24, June 10, p. 848. 


Cafeteria car, London Midland & Scottish Ry. (4 
words. ) 


1932 -385 .4 (.42 + .71 +4 
Railway Gazette, No. 25, June 17, p. 869. 
Railway administratiye organisations, A compa Bi 
between the operating and commercial organisations | 


the railways in Great Britain and in Canada and 
U. S. A. (1500 words.) 


1932 625 172 ( 
Railway Gazette, No. 25, June 17, p. 871. 

Track ete device, Victorian Railways. 
words.) 

1932 656 253 | 
Railway Gazette, No, 25, June 17, p. 872. = 

New three-indication distant signals, German § 
Railway. (700 words & fig.) 


1932 © 621 AB | 
Railway Gazette, No. 25, June 17, p. 874. 

A handy small Diesel socumetiyee (1 000 v 
fig.) 


1932, 2 


621 . 
Railway Gazette, No. 25, fies 17, Dp. 875. 
Two new industrial Diesel locomotives, (1 
& fig.) Sh gon 0 ws 
° he £ ve a F 
a! “ ne Prats ies < 
eee ee 


a 


932 ; 621 .43 
iway Gazette, No. 25, June 17, p. 877. 

IALL (S8.). — Transmissions for Diesel locomotives 
railcars. (1300 words & fig.) 

932 621 .335 (.73) & 621 .43 (.73) 
wway Gazette, No. 25, June 17, p. 879. 

ARLING (C. 8.). — Operating data for Diesel- 
tric locomotives, (800 words & tables.) 

932 < 30 (.42) & 621 43 (.42) 
way Gazette, No. 25, June 17, p. 881. 


sx-coupled Diesel-electric shunting locomotive. 
ids & fig.) 


932 625 .243 (.45) 
tway Gazette, No. 25, June 17, p. 882. 
wucks for Anglo-Italian freight service. 
ig) 


(600 


(400 words 
| = 


aailway Mechanical Engineer. (New York.) 


932 625. .234 (.73) 
iway Mechanical Engineer, May, p. 173. 


tit-conditioned train ina aad on the Chesapeake 
Dhio. (2900 words & fig.) 


1932 625 .234 (.73) 
way Mechanical Engineer, May, p. 177. 


heating trailer for electric locomotives. 
& fig.) 


(2 500 


625 .212 -(.73) & 625 .26 (.73) 
vay Mechanical Engineer, May, p. 181. 

BAR (W. R.). — Correct wheel shop practices. 
0 words & fig.) 


621 133.2 (.73) 
vay Mechanical Engineer, May, p. 188. 
mi-water-tube firebox developed by the Baltimore 
lio. (700 words & fig.) 


665 .882 & 625 .26 


© eciviene shape Te effects- large savings. 
00 words & fig.) 


y 621 131.2 & 621 .133.5 
way Mechanical Engineer, June, p. 219. 


RMSTRONG (G. W.). — Relation of back pressure 
a bomotive performance, (3000 words & fig.) 


982. 625 .214 
vay Mechanical Engineer, June, p. 224. 


aukee saves $ 87243 a year on packing re- 
‘ion. (2000 words, tables & fig.) 


eS 625.234 (.73) 
Mechanical Engineer, June, p. 231. no 
w ventilators to provide clean air. (800 words 


RE Sa a a ———————————————— ee 


1932 625 .243 (.73) 
Railway Mechanical Engineer, June, p. 233. 


Chicago & North Western compartment cars for 
L. C. L, shippers. (500 words & fig.) 


Railway Signaling. (Chicago.) 


1932 656 .256.3 (.73) 
Railway Signaling, May, p. 129. 
STOLTZ (C. F.). — The alternating current floating 


system. (1200 words & fig.) 


1932 
Railway Signaling, May, p. 131. 
Maintenance of centralized traffic control on the 


656 .255 (.73) 


Wabash. (3300 words & fig.) 

1932 656 .256 (.73) 
Railway Signaling, May, p. 135. 

Welded bonds on the Erie. (1600 words & fig.) 

1932 656 .25 
Railway Signaling, May, p. 138. 


The Canadian Pacifie’s signal repair shop at Montr eal, 
Que. (1200 words & fig.) 


1932 
Railway Signaling, May, p. 141. 
MOLLIS (B. W.). — Denver & Rio Grande Western 
completes the signaling of its main line. (2900 words, 
tables & fig.) 


1932 
Railway Signaling, May, p. 145. 
Developments in stranded plug-type bonding on the 
‘New-York Central, Line West. (900 words & fig.) 


656 .256.3 (.73) 


656.256 (.73) 


1932 656 .25 (06 (.73) 
Railway Signaling, May, p. 147. 
Signal Section (American Railway Association) 


meets in Chicago. (6600 words.) 


1932 
Railway Signaling, June, p. 169. 


ZANE (W. F.). — Chicago, Burlington & Quincy 
installs extensive new electric interlocking. (2 800 


- words & fig.) 


1932 656 .255 (.73): 


Railway Signaling, June, p. 173. 
Boston & Maine installs centralized traffic control. 
(2500 words & fig.) 


1932 
Railway Signaling, June, p. 177. 
_ BECK (E.). — Lightning protection for signal power 
line transformers. (1500 words & fig.) 


1932 
Railway Signaling, June, p. 180. 
SHAVER (F, E.). — Maintenance of centralized traf- 


656 .25 (.73) 


656 .255 (.73) 


| fic control. (1900 words & fig.) 


656 .257 (.73)- 


cr\ 


spit 


* 


ot 


i 
a 


zi 


ES a eae 


_ Rivista teenica delle ferrovie ital., 


— 116 — 


1932 313 : 656 .25 (.73) 
Railway Signaling, June, p. 183. 

Interstate Commerce Commission’s annual signal sta- 
tistics. (Tables). 


South African Railways and Harbours Magazine, 
(Johannesburg.) 
1932 621 .138.1 (.68) 
South African Rys & Harb. Magazine, May, p. 676. 
FAIRWEATHER (A.). — Locomotive running shed 
organisation and practice. (4 600 words.) 


Transit Journal. (New York.) 


1932 621 335 & 625 .62 
Transit Journal, No. 6, June, p. 279. 


Reliability and sfticieney of trolley buses are de- 
monstrated at Rockford. (2700 words & fig.) 


In Spanish. 


Revista de Obras Publicas. (Madrid.) 
1932 624 .5 (.73) 


Revista de Obras Putiblicas, n° 10, 15 de mayo, p. 237. 
MIRANDA (E.). — Un puente colgado de 1 066 m. de 
luz y un arco de 510 m. (2900 palabras & fig.) 


1932 624 .63 (.460) 
Revista de Obras Pitiblicas, no 12, 15 de junio, p. 289. 

RUIZ Y LOPEZ (F.). — Puente de hormigon ar- 
mado sobre el rio Segre, en Lérida, para servicio de los 
Ferrocarriles del Estado y de la Compafia del Norte. 


(2000 palabras & fig.) 


In italian. 


Annali dei lavori pubblici. (Roma.) 


1932 624 6 
Annali dei lavori pubblici, febbraio, p. 89. 

GIANNELEI (A.). — Coniche di elasticita di una 
coppia di sezioni di un arco elastico incastrato. (2 200 
parole & fig.) 


‘Rivista tecnica delle ferrovie italiane. (Roma.) 


2/1932 656 .225 (.45) 
15 maggio, p. 273. 

FORTE (G.). — Stato attuale dei trasporti di derrate 
deperibili nelle Ferrovie Italiane dello Stato. (5700 
parole & fig.) 


_ 1932 


625 .1 (.45) 
Rivista teenica delle ferrovie ital, 15 maggio, p. 291. 

GOTELLI (R.). — Beddopplamerita del binario sul 
tronco a 8. Margherita. Linea Genova- ace 
(3000 parole & fig.) 


J 


43.000 — M. Weissenbruch Co., Ltd., , Printer to the King, 49, rue du Poingon, Brussels. e 


In Dutch. 


De Ingenieur. (Den Haag.) i: | 


1932 624 63 (.4 & 
De Ingenieur, n‘ 23, 3 Juni, p. 92. mt |! 

VAN BERGEN (C. F.) & MULDER (Ff. E.). a 
Betonboogbruggen over de Twenthe-kanalen, (4))) 
woorden & fig.) i 


1932 
De Ingenieur, n™ 25, 17 Juni, p. 108, 


BIJLAARD (P. P.). — Een nieuw brugsysteke 
(2 700 woorden.) ig 


a , 


624 
& i 


Fr 


De Locomotief. (Amsterdam.) 


1932 ; 6: 
De Lokomotief, n™ 6, 1 Juni, p. 21, 


Harmonica-tramrijtuig met groote 


vervoerseay 
teit. (2300 woorden & fig.) ; 


Spoor- en Tramwegen. (Utrecht.) 

1932 
Spoor- en Tramwegen, n™ 12, 7 Juni, p. 295. 
SIMON-THOMAS (W.). De vrachtauto, eer 
vaar voor de volkswelvaart. (2 400 woorden.) 


1932 656 .23 (4 
Spoor- en Tramwegen, n™ 12, 7 Juni, p. 301; n™ 1 
Juni, p. 332. 


4 
’ 
\ 
i 


JAGT (A. G.). — Rapport der tarievencommis 
(3 300 woorden & fig.) (Slot volgt.) F 
1932 625 .172 (, 


Spoor- en Tramwegen, n™ 12, 7 Juni, p. 308. 
Het toestel tot onderzoek naar de ligging vai 


spoor der Belgische Spoorwegen Maatschappij. 
woerden & fig.) 


1932 
Spoor- en Tramwegen, n*™ 13, 21 Juni, p. 329. 
KEPPER (H.). — De vervaardiging van rails 
grooter weerstand tegen verslijt. (2 700 woorden.) 


625 7 


By 


in Portuguese. 


Boletim do Instituto de Engenharia. (S. Pav 
(Brasil.) _ . 
1932 385. (07 
Boletim do Instituto de Engenharia, maio, p. 22 


Ensino e seleccao profissional na Estrada de 
Sorocabana em 1931. (4200 palavras &’ fig.) 


Gazeta dos caminhos de ferro. (Lis boa 


1932 656 1 & | 
Gazeta dos caminhos de ferro, n° 1067, 1 de jun 
— 257, \ a 


Automoveis e caminhos de ferro. 2 700 | 


4 
i 
\ ae 
at: te 
ie oo Ans ae A 
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MONTHLY BIBLIOGRAPHY OF RAILWAYS ®, 


PUBLISHED UNDER THE SUPERVISION OF 
: 


P. GHILAIN, 
General Secretary of the Permanent Commission of the International Railway Congress Association. 


(SEPTEMBER 1932) 


(016 385. (02 ], 


I. — BOOKS. 
| ine 624 2 
5 in French. LASKUS (A). 
932 624. (06 Hélzerne Briicken. 


SOCIATION INTERNATIONALE DES PONTS ET Berlin, Wilhelm Ernst & Sohn. 1 Band, 173 Seiten und 


( CHARPENTES. 

jublication préliminaire du I** Congrés (Paris, mai 
2). 

yuriech, Leemann et Cie, 64. Stockerstrasse. Un vo- 
1e, 684 pages et figures. (Prix ; 35 francs suisses.) ler-Priifung. 

932 697. (02 Leipzig, Johann Ambrosius Barth & Briissel, Falk, 


311 Abbildungen. (Preis : 11.40 R.M.) 
OTSCHEL (H.). Fils, 22, rue des Paroissiens. 1 Band, 222 Seiten und 337 


1932 62. (01 
SCHWARZ (0.). 


Die technischen Werkstoffe, ihre Eigenschaften, Feh- 


Abbildungen. (Preis : 23 RM.) 
‘raité théorique et pratique de chauffage et de ven- 
‘tion, 
‘aris (6°), Ch. Béranger, 15, rue des Saints-Péres. Un 
ume (19 X_28 em.), 349 pages, 27 tables numériques 
299 figures. (Prix : 150 francs frangais.) 


1932 669 
TAMMANN (Gustav). 


Lehrbuch der Metallkunde. 


Leipzig, Leopold Voss. 1 Band, 536 Seiten und Abbil- 
dungen. (Preis : 49.50 R.M.) 


932, 621 .94 (.44) 
‘éries normalisées de boulons, goujons, écrous, ron- 
les, goupilles, vis et rivets. 

aris (6°), Ch. Béranger, 15, rue des Saints-Péres. Un—} 
ume (16 X 25 cm.), 51 pages et figures. (Prix : 
0 franes frang¢ais.) 


In English. 


1932 656 .25 (06 (.73) 
AMERICAN RAILWAY ASSOCIATION. Signal Section. 
Minutes of proceedings, thirty-eigth annual meeting 


tn German. _ 


held at Chicago, Ill, May 10 and 11, 1932. 


(932 69. (02 New York, Published by the Association, 30, Vesey 
EICH (Friedrich). r Street. 
stahlhochbauten. Sas 

1932 62. (01 
eens Perea eee ae AP | COKER (E. 6), M. Ay D. Ses FR. S, & FILON (LN. 

G.), MOA, D. Sc, F ROS. 

1932 656 .24 A treatise on photo-elasticity. 
CHGRABER (Gerhard). Cambridge (England). The Cambridge University 


ie Haftung der Eisenbahn fiir Verlust, Beschdadigung | Press. (Price : 50 sh. net.) 
1 Uberschreitung der Lieferfrist. 


\ 


erlin, Internat. Transportversicherungsverband. ee (i). & KREUTER (F.) 62. (03 
32 669 Technological dictionary of the terms used in crafts 
rrosion, Bericht tiber die 1. orrosioustagung am | and industries. Vol. IJ. English-German-French. 

ron 1931 in Berlin. Leipzig, Johann Ambrosius Barth; Brussels, Falk, 
rlin, VDI-Verlag. 1 Band, 136 Seiten, 12 Zahlen- | Fils, 22, rue des Paroissiens. 1 vol., 767 pages. (Price : 

eln & 89 Abbildungen. Preis : 7.50 R.M. 78 R.M ‘) 


(1) The- -numbers placed over the title ‘of each book are -those of the decimal classification proposed by the Railway Congress 
jointly with the Office Bibliographique International, of Brussels. (See « Bibliographical Decimal Classification as applied to 
lway Science », by L. Wetssensrucu, in the number-for sods 1897, of the Bulletin of the Lena) Railway Congress, 


— 148 — 


1932 62 (02 

Kempe’s Engineer’s Year-book for 1932. A compen- 
dium of the modern practice of civil, mechanical, elee- 
trical, marine, gas, aero, mine and metallurgical engin- 
eering. 

London, W. C. 2. Morgan Brothers, Publishers, Ltd., 
28, Essex Street. 39th edition, containing about 3000 
pages, with over 3000 illustrations. Crown 8°° (7 XK 5 
xX 3 inches), limp leather binding, gilt. (Price : 31 sh. 
6 d. net.) 

1932 625 .142.2 (.54) 


KRISHNA (S.), Ph. D., D. Se. (Lond.) 
chimist & GHOSE (T. P.), B. Se., 
Research Institute, Dehra Dun. 

Note on « fridera » —’A composition for recondition- 

ing abrased spike holes in railway sleepers. 

Caleutta. The Manager, Government of India Central 

Publication Branch, Technical paper No. 282. 31 pages, 
tables & fig. (Price : 8 d.) 


1932 
MANNNIG (G. P.) 
Construction. in reinforced concrete. 


, B.D. G., bio- 
Assistant, Forest 


69 (02 


7 sh; 


In Spanish. 


1932 
ONTIVEROS (D. F. Var 
El automévil y el ferrocarril. La competencia 
ofrecen al’ ferrocarril los transportes mecanic 
carretera, — La, construccién de nuevos ferrocarr 
Madrid, Blass, 8. A. 1 volume (16 X 23 em®); 
paginas, 1 mapa y 8 figuras. a 


656 1 & 


in Portuguese. 


1931 
DA SILVA (Milciades Pereira). 
Boletim de tarifas. Das estradas de ferro em 
no Estado de Sao Paulo. 
Sao Paulo, Secretaria de Estado hey negoc 
Viacio e Obras Publicas do Estado de SAo Paul 
luma, 305 paginas & tabellas. 


London, Sir Isaac Pitman & Sons, Ltd. (Price : 
¥ 6 d. net.) ‘ 1932 385. (08 2 f 
1932 625 .143.3 (.73) MINISTERIO DO COMERCIO E COMUNICAGOI 
The Sperry detector car. Relatério referente aos anos econdmicos de 1997 
Brooklyn, N. Y. (U.-S.- Bas Pamphlet obtainable at }| 2 1939-31. 
the Sperry Products, Inc., Sperry Building, Manhattan Lisboa, Ministério do Comércio e Comunicacdes. 1 
Bridge Plaza. 16 pages & fig. i luma, 238 phe toes, tabellas & figuras. 
ar. : [ 016 .385. (05 | 
ae . 2, II. — PERIODICALS. 
“ 1931 . ists 
In Frenen. Bull. de la Soc. des ing. civ. de France, novemb' 
: wsek décembre, p. 1746. 
: : BARBILLION. — Sur la récupération d’énergié 
Arts et Métiers. (Paris.) traction électrique. (2 700 mots. ) 
1932 3 621 .134.1 : 


Arts et Métiers, juillet, p. 239. 


QUINT (J.). — Essai de caleul de la forme d’un seg- 
ment. (7200 mots & fig.) 


\ 


Bulletin de la Société d’encouragement 
pour l'industrie nationale. (Paris.) 


1932 62. (01 


p. 409 
_GUILLERY, — Divers perfectionnements apportés 
récemment a certaines machines d’essai et a reid em- 
ploi. (5500 mots & fig.) 


‘Bulletin de la Société des ingénieurs etvils 
se de France. (Paris.) 


Bull. de la Soc. des ing. civ. de France, novembre- 
: décembre, p. 1708. 

_  WIBRATTE. “— Possibilités a ‘avenir de la teactiod: 
saree sur del sur rails et nautique, ae ae 


Bull. de la Sté d’encouragement pour Vind, nat., juin, 


621.4 


1931 _ i 85. 
Bull. de la Soc. des ing. civ. de France, noven 
décembre, p. 1878. 


CHEVALIER (J.). — Salaires a la tache et pe in 
au rendement. (4 400 mots.) 


- 1931 


Bull. de la Soc. des ing. civ. de France, noven 
décembre, p. 2033. 4a 


DELANGHE. — Les applications des mo eaen 
% s traction sur voie. ferret; (69 500 mots, 2 tat 
3 ig.) 


1932 | 
Bull. 7 ig Soc. des ing. civ, de Haas janvier-f¢ é 
Dats . 
PORTEVIN (A.), — - Apercu ‘sur Vetat : 
connaissances concernant la structure de 
| alliages et ses eas Oca industrielion 


Serpe 


1932 656 .257 
.1. de la Soe. des ing. civ. de France, janvier-février, 
| p- 43. } 

*ILON (G.). — Le controle impératif électrique des 


iuilles de chemins de fer, Les circuits de yvoie, le con- 
ie @allumage des signaux avancés. (8700 mots & 


) 

N932 691 
I. de la Soc. des ing. civ. de France, janvier-février,- 
| p. 129. 

MARCOTTE (K.). — La décomposition des mor- 
rs. (6600 mots.) . 

1932 721 1 
1. de la Soe. des ing. civ. de France, janvier-février, 
jp. 303. 


tALLANDREAU (.). — Poussée des terres. Etude 
résultats pratiques des méthodes comparées de Cou- 
ib et de Boussinesq pour la détermination des pous- 
3 dans les massifs pulvérulents. (7000 mots, ta- 
wux & fig.) 


Bulletin de (Union internationale 
des chemins de fer, (Paris.) 


1932 656 1 & 656 .2 


de PUnion inter. des ch. de fer, mai-juin, p. 184. / 


.apport des Chemins de fer allemands et des Chemins 
‘fer fédéraux suisses sur la. question : concurrence 
‘coopération en trafics voyageurs et marchandises 
ire chemin de fer et automobile. (10000 mots.) 


ge 


letin technique de la Suisse romande. ( Vevey.) : 


1932 621 33 (.494) 
ile oo is la Suisse romande, no 14, 9 juillet, p. 162. 


OB ( — L’lectrification de la ligne Delémont- 
3 3 ahi mots & fig.) 


1932 epotce 625 143.5 
1. tech. de la Suisse romande, no 14, 9 juillet, p. 169. 


VWAETJEN (C. H.). — Nouveau dispositif pour em- 
her le cheminement des’ rails de chemins de fer. 
0 mots & fig.) 


Génie civil. (Paris.) 


669 
. Civil, no 2602, 25 juin, p. 633, 
get (UE tess ee et yeas du 


624 .2 
Civil, n° 2602, 25 juin, p. 646. YF 


LASSOL ere — Calcul des armatures secon- 
dans une poutre en béton armé soumise 4 des 
ts tranchants. (900 mots & fig.) 


Bes ie 
ie Civil, no 2603, 2 juillet, p. 14. 
EKUGEL LE COCQ (G.). — Le pont aeoehla 
aay Matours, sur la Vienne. (3 000 mots & fig.) 


624 51 (Aa) 


1932 
Génie Civil, n° 2603, 2 
iétat actuel des 
le monde, 
1932 
Génie Civil, n° 2604, 9 juillet, p. 38. 
La Sate Sea et le balayage des moteurs 4 
combustion interne. (3000 mots & fig.) 


1932 
Génie Civil, no 2604, 9 juillet, p. 41. 
NIEOUWENHUIS (P. M.). — La transformation des 
voies de tramways 4 Arnhem (Pays-Bas). (3 000 mots 


385 (.3) 
juillet, p. 17. 
grandes relations ferroviaires dans 
(2 700 mots.) 


621 .43 


625 .62 (.492) 


& fig.) 

1932 621 .33 
xénie Civil, n° 2604, 9 juillet, p. 43. 

Lélectrification des chemins de fer, 4 Vétranger? 


(1 800 mots.) 


1932 621 .134.3 
Génie Civil, no 2605, 16 juillet, p. 61. 

BELOHLAVEK (B.), — Les pompes de circulation de 
vapeur des chaudiéres a haute pression Liffler. (4700 


mots & fig.) 


1932 
Génie Civil, n° 2606, 23 juillet, p. 77. 
Nouvelle locomotive électrique monophasée des ate- 


liers de construction Oerlikon, pour la ligne du Saint- 
Gothard (Suisse). (2000 mots & fig.) 


621 .335 (.494) 


1932 669 
Génie Civil, no 2605, 16 juillet, p. 82. 
PORTEVIN (A.), PRETET (E.) & JOLIVET (H.). — 


Alliages durcissant & température élevée. (3 600 mots 


& fig.) 


La Science et la Vie. (Paris.) 


1932 621 .131.3 
La Science et la Vie, aofit, p. 93. 
PLACE (P.). — Vapeur et électricité se disputent 


le rail. (6900 mots & fig.) 


1932 — 
La Science et_la Vie, aofit, p. 130. 
DEVAUX (P.). — La voiture « tout acier » soudée, 
doit se substituer au ratecte) périmé, (3 800 mots & 
fic.) 


625 .23 


La Traction électrique. (Paris.) 


1932 621 .4> 
La Traction Electrique, avril, p. 47. 

LO BALBO (Dr. P.). — Un nouveau type d’automo- 
trices 4 accumulateurs pour tramways et chemins de 


fer d’intérét local. (1000 mots & fig.) 
‘ a 621 .43 (.44) 


mee O32 f 
La Traction Hlectrique, avril, p. 51 


Automotrices et fourgons automoteurs A courant 
continu 1500 volts pour le département de la Haute- 


Savoie. (1100 mots, carte & fig.) 


1932 625 .62 (.494) 
La Traction Electrique, mai, p. 58. 
LOUIS (C.). — Les nouvelles automotrices 4 quatre 


essieux des tramways municipaux de Berne. (2 000 
mots & fig.) 

1932 621 .331 (.61) 
La Traction Electrique, mai, p. 63. 

HUG (A. M.). — Essais de mise en court-cireuit de 


groupes moteurs générateurs pour les Chemins de’ fer 
algériens de Etat. (1000 mots & fig.) 


1932 621 .43 
La Traction Electrique, juin, p. 71. 
GELBER (F.). — Automotrices thermo-électriques. 


(2800 mots & fig.) 


L’Economie internationale (Paris.) 
1932 625 .245 & 656 .225 


L’Economie internationale, juin, p. 10. 

Les tarifgs actuels de chemins de fer rendent-ils im- 
possible lexploitation des cadres ? (1100 mots & 2 ta- 
bleaux.) 


_ L’Industrie des voies ferrées 
et des transports automobiles. (Paris.) 


1932 388 (.73) 
L’Ind. des voies ferrées et des transp. autom., ‘yen 
p. 189. 


GIRARD, — L’évolution de l'industrie des transports 
en commun aux Etats-Unis au cours de Vannée 1931. 
(5000 mots & fig.) 


1932 656 .1 (.460) 
L’Ind. des voies ferrées et des transp. autom., juillet, 
p. 198. 
: VENTE. — La réglementation des services automo- 
ears biles de transport en commun en France et 4 l’étranger. 
Une volte-face -dans Ja législation. espagnole. (5 000 
mots.) 


Revue générale des chemins de fer. (Paris.) — 
1932 ~ 621 132.8 


~ Revue générale by enti de fer, juillet, p. 3. 


A, ah LEBOUCHER. — ig a tgeds aérodynamiques sur 
mit les formes extérieures 4 donner aux pucceals: (5 000 
ri : “mots *& fig.) ee 

SS B <page ost ’ tte 8851 TE 
ba Reévite générale ee dremiiis de’ fer, juillet, p. 19. 

oe pe “ LANCRENON. — Emploi de portes monobloc coulées 


en alpax sur le matériel de chemin de fer des réseaux 
francais et eaupiats. (2 400 mots, & fig.) 


Bec.» 1932 656. (06 
=>. Revue générale des ugly de fer, juillet, Pac Oona 
_. . Le Congrés de Youtillage économique edlonial et des 


Pe colonial des Nag 2 (Paris, 1931). 
; ae 0 ; = 


ea Die Reichsbahn, Nr:. 21, 8. 502, Bae 


eoluthivhica tions et le Congrés international et inter-_ 
ee 500 mots & © 


1932 
Revue générale des chemins de fer, juillet, p. 70 


Les automotrices légéres <« Renault ». 2600 mo 
fig.) ‘ 


1932 621 392 (.44) & 621 138.5 
Revue générale des chemins de fer, juillet, p. 76. 
La soudure électrique appliquée, aux Chemins 
de V’Etat, 4 la réparation des cadres de foyers 
comotives sans démontage des chaudiéres. (1 300 
& fig.) 


Revue universelle des Mines. (Liége.) ‘ 
1932 624 51 (.7 


Revue universelle des mines, n° 2, 15 juillet, p. 


TOURNAY (Ch.). — Le Pont George Washin 
New-York. (3200 mots & fig.) (A suivre.) ; 


In German. 


Die Lokomotive. (Wien.) ~ 


~, 1932 621 .134.2 (4 
Die Lokomotive, Juli, S. 120. 
Nachtrigliche Verbesserungen am Uberhitzer | 
Lokomotiven der Paris-lzayon-Mittelmeerbahn. 
Worter & Abb.) 


Die Reichsbahn. (Berlin.) 


1932 656 .1 & 656 | 
Die Reichsbahn, Nr. 16, S. 374. - 
PIRATH. — Eisenbahnen und Kraftwagen im oi fel 


iigben Verkehrswesen (10 1/4 settee): E 


VOGT. — Welche Tarifpolitik muss heute aie 
sche Reichsbahn- Gesellschaft verfolgen ? (9 Seit 


385 


1932 : 
Die Reichsbahn, Nr. 19, S. 458, c 


ROEBE, — Die Investierungspolitike der F 
(8 Seiten.) 


1932 
Die Reichsbahn, Nr. 20, S. 478. 


| LEIBBRAND, —. _Gegenwartsaufgaben im 
bahnbetrieb. Nach einem Vortrag, gchalea 2 
Miirz 1932 in der Hisenbahnwissenschaftli 
der Verwaltungs-Akademie Berlin, IL Seit: 
: Diagr. coal) coon a 


—_—— ‘ 


1932 
Die Reichsbahn, Nr. 18, S. 4tke 
Fass ro a a 
’ 


1932 621 139, (4g 


und. seine Einkaufswirts 
1931 vor dem Berline: 
mi eo LL geha enen Vort 


ee 


932 656 1 (.43) 


» Reichsbahn, Nr, 22, S, 522. 


irzeugverkehrs. (5 Seiten.) 


Elektrische Bahnen. (Berlin.) 


1932 621 .335 (.44) 


Ibktrisehe Bahnen, Juni, S. 125. 
LEBOUCHER. — Die neuen Gleichstromlokomotiven 


ttung B, + Bo. (1500 Volt) der Midi-EFisenbahn- 
selischaft. (5400 Wéorter & Abb.) (Fortsetzung 
gt.) 

1932 621 .336 


‘ektrische Bahnen, Juni, S. 134. 


USBECK (W.). — Hilfsmittel fiir die Fahrleitungs- 
iterhaltung, (2500 Worter & Abb.) 


1932 

vektrische Bahnen, Juni, S. 136. 
VOGEL (Th.). — Arbeitsorganisation und Zeitauf- 
Fhme des Tragseil- und Fahrdrahtzuges bei der Elek- 


sisierung zw eigleisiger Bahnen, auf freier Strecke und 
Bahnhifen. 1G 000 Wérter & Abb.) (Schluss folgt.) 


621 .33 


1932 ; 621 337 
ektrische Bahnen, Juni, S. 146. 
HELSING (0O.). — Hine neue Sicherheitseinrichtung 


is die Einmannbedienung elektrischer Lokomotiven. 
400 Wirter & Abb.) 


Glasers Annalen. (Berlin.) 
11932 


— Bauliche Entwicklung 


| NIEDERSTRASSER (L.). 
(4 400 


t Kleinlokomotiven der Deutschen Reichsbahn. 
Jorter & Abb.) 
1932 _ 625.232 
sers Annalen, Heft 1, 1. Juli, S. 1. 


AGNER (G.). — Leichtmetalltiiren fiir Schnell- 
hnwagen. (5300 Worter & Abb.) 


san fur die Fortschritte des Eisenbahnwesens. 
. (Berlin.) 


625. .232 (.44) 


13, 1. Juli, 8. 243. 
LLANCIEN (J.). — Konstruktionsgrundlagen der 
g-Stahlwagen der franziésischen Bahnverwaltun- 
. (6260 Worter & Abb.) 


625.26 (.44) 
n fiir die Porkacarcte: ‘des. Eisenbahnwesens, Heft 
13, 1. Juli, §. 253. 

TENTSCHEL. — Die Unterhaltung der Dar annnwat 
; den Reichsbahnausbesserungswerken. (3 900 


biserkensw erte Aide: ae der Regelung des Kraft- | 


621 .43 (.43) 
‘lasers Annalen, Heft 12, 15. Juni, S. 105. == 


ten und Hochschulen am 8. Mirz 1932. 


— 121 — ; 


: 1932 621 138.5 (.43) 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
14, 15, Juli, 8. 263, 

SCHONHERR (H.). — Die Ausbesserung von Ver- 
brennungstriebwagen im Reichsbahn-Ausbesserungs- 
werk Wittenberge. (3 800 Worter & Abb.) 


1932 «621-43 & 656 .225 

Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
14 15. Juli, 8. 269, 

WITTE (F.). — Die Kleinlokomotive, ein Betriebs- 


mittel zur Rationalisierune des Nahgtiterverkehrs. 
(3400 Wéorter & Abb.) 


Verkehrstechnische Woche. (Berlin.) 


1932 621 133 1 
Verkehrstechnische Woche, Nr. 14, S. 225; Nr. 15, S, 
240. 


EBERT, — Die Wirtschaftlichkeitsgrenze fiir Ruhe- 
und Frischfeuer der Lokomotiven. (7 Seiten & Diagr.) 


1932 625 .245 & 656 .225 
Verkehrstechnische Woche, Nr. 15, S. 237. 

WENTZEL. — Grossbehalter-Verkehr, (4 Seiten, 
Zeichn. & Abb.) 

1932 621 .132.7- 


Verkehrstechnische Woche, Nr. 16, 8. 249. 

GALLE. — Aufgaben und Wirtschaftlichkeit der 
Kleinlokomotiven im Rangierdienst. Nach einem Vor- 
trag, gehalten im Verein fiir Hisenbahnkunde am 9. 
Februar 1932. (7 Seiten, Zeichn., Diagr. & Abb.) 


1932 625.212 
Verkehrstechnische Woche, Nr. 16, S. 256. 

POCHNER. — Entwicklung und Aussichten der ge- 
steuerten Lenkachsen. (3 Seiten & Zeichn.) 


1932 
Verkehrstechnische Woche, Nr. Lig cS. 261, 
SARTER. — Verkehrsfragen von wirtschaftlicher 
Bedeutung fiir die Reichsbahn. Nach einem Vortrage 
auf der 3. Studienkonferenz der Deutschen Reichsbahn- 


Gesellschaft mit Professoren an deutschen Universiti- 
(10 Seiten.) 


1932 — = 625 .23 (.43) 
Verkehrstechnische Woche, Nr. 19, S. 294. 
STROEBE. — Technische Fortschritte im Personen- 


656 (.43) 


wagenbau bei der Reichsbahn. (3 Seiten & Abb.) 


1932 : 656 .212.6 
Verkehrstechnische Woche, Nr. 20, 8. 305. 
RANDZIO. — Forderkostengleichungen. 
‘I. Die Schubkarrenférderung. Zeitverlust = n*. 
Il. Férderung mit zweiriidrigen Handkippkarren. 
IT. Zweiriidrige Piorlekipprerten. 
IV. Gleisforderung 
a) mit Handbettieb : 
b) Gleisférderung mit Pferden : 
¢c) Gleisférderune mit leichter Lokomotive, z. 
B. 10-20 PS-Benzol-Lok. ; 
d) Gleisférderung mit schwerer Dampf-Loko- 
Wrage motive, 200 “PS. 
(5 Seiten.) 


a3 


ye si 
A 


* “> 
ris One ane 


ce 
| 


. \ 


1932 385 .15 (.496 + .56) 

Verkehrstechnische Woche, Nr. 21, S. 317; Ny. 22, 8. 
333, 

EMMELIUS. — Der Ubergang zum  Staatsbahn- 


system in der Tiirkischen Republik und die Entwick- 
lung der Tiirkischen, Reichsbahn, (8 Seiten & 1 Karte.) 


Zeitschrift des Vereines Deutscher Ingenieure. 


(Berlin.) 
1932 62. (01 
Zeitschrift des’ Ver. deutsch. Ing., Nr. 27, 2, Juli, 
S. 659. 


SIEBEL. (E.) & ULRICH (M.). — Die Bestimmung 


von Zeit-Dehngrenzen im MDauerstandversuch. (4 000 
Worter & Abb.) 
1932 624 .62 (.73) 
Zeitschrift des Ver. deutsch, Ing. Nr. 27, 2, Juli, 
S. 665 ? 
BOOS (W.).< — Die Kill van Kuli- Briicke in New 
_ York, (1200 Worter & Abb.) 
1932 ‘ 621 .392 
Zeitschrift des Ver. deutsch. Ing., Nr. 28. 9 Juli,, 
S. 679. 
CZTERNASTY (G.). —  Festigkeitseigenschaften 


einer hochwertigen Lichtbogenschweissung. 
ter & Abb.) 


(2100 Wor- 


1932 ; 62. (01 
Zeitschrift des Ver. deutsch. Ing., Nr. 28. 9 Juli,, 
. §. 683. : 


LUDWIK (P.) & SCHEU (R.). 
keit der Werkstotfdampfung. 


— Die Verinderlich- 
(2900 Wéorter & Abb.) 


1982 
Zeitschr. des Ver. 
S. 705. : 
MAYER -(M.). — Fortschritte und Aussichten des 
Diesellokomotivbaus unter besonderer Beriicksichtigung 


621 .43 (.43) 


deutsch. Ing., Nr. 29; . 16. Juli, 


~ der Diesel-Druckluftlokomotive der Deutschen Reichs- 
bahn. (3800 Worter & Abb.)- 
iets EGRP < 3 669 1 
- Zeitsch. des Ver. deutsch. Ing., Nr. 30, oo ee 
LOD: andl 


EILENDER (W.) & KIESSLER (HL). as Helieg zur 
Frage der Flockenbildung in ee (3 800 Warter 
& Abb, Sy ‘ 


- ‘2 Zeitung des Vereins deutscher Eisenbahn- 
Ed verwaltungen. (Berlinn) er oak 


: 1932 . te os 625 14d 

: eecitang. des Vereins deutscher Eisenbalmverwaltunigen, 
Nr. 26, 30, Juni, 8. 561. | 

SEEGER. — Vergrésserung des Gleicabytanded auf 

3 Sto aanipbes zweigleisigen Str ecken. 2 cae Worter 

re eee’! : re day ee Se 


— 199 — 


f 


| 


Engineer, No. 3990, July 1, p. 5. 


1932 e- 
rane des Vereins deutscher Fisenbahnverwaltu F 
. 27,°7. Juli, S. 57% x 
ae — Grantipr obleme des stadtischen Vers 
Abgekiirzte Wiedergabe eines im Kurs tiber neuzei 
Verke ehrsprobleme des Schweizerischen Ingenieur- 
Architektenvereins in Ziirich eehaltenen Vortrag 0 
(10000 Worter.) HH 


1932 656 .211 & 656 
Zeitune des Vereins deutscher Eisenbahnverwaltu 
Nr, 28, 14. Juli, S. 597. 
KUMMELL, — Anlage von Bahnhéfen, Abfertigu 
und Umladehallen.. (4 300 Warter & Abb.) 


1932 385 582 ( 
Zeitung des Vereins deutscher Kisenbahnverwaltu 
Nr. 29, 21.’ Juli, S. 620: 
MARTENS (A.). — Erfolgreiche Unfallverhtitul 
den Reichsbahn-Ausbesserungswerken. (2900 W 
& Abb.) “ , 


In English. 


Engineer. (London.) -— 


1932 621 .132.3 (7 
Engineer, No. 3989, June 24, p. 684. ; 

BREWER (F. -W.). — Three-cylinder express en 
gines : Philadelphia- and Reading Railroad. (2 300 word 
& fig.) See e 

1932 621 nae 
Engineer, No, 3989, June 24, p. 691. > 

London & North Eastern Railway. Tank engine V 
booster. (1000 words & fig.) 


, 
\ ~ if - 


1932 é +669 
Engineer, No, 3989, June 24, p. 702. : 


Stainless iron and steel production. (3400 words.) 
; ‘ =e 
1932 est _ 625 
Engineer, No. 3990, July 1, p. 2. 
HEARN (Sir Gordon). — Wear of rails: on a cur 
(4300 words & fig.) ; “a 
1932 621.7 am 9 


Machinability of steel. (4 400. words, & fig) 


1932 
Engineer, No, 3990, July ay; p. ITS 
aiee and road transport. — 500 sat hy 


1932 = a > 
Engineer, No. 3990, July. pe be ric i. OY 
Swiss Railways. — 8 800 Bs Pp. Seite loc 


{900 words & fig.) i 


- ~ 


4932 =. sr ear fe 

- Engineer, No. 3991, aly 8, p. 28. 
Brighton (Southern Railway) 

_(2200-wards & ask New Pack 

s Pie 
A rits* an YS. * 


932 656 .254 (.42) 
yneer, No. 3991, July 8, p. 44. 


tension of teleprinter circuits on the London & 
h Eastern Ry. (500 words.) 


i 


ineer, No. 3992, July 15, p. 70. 
new hand- controlled rotary scaling hammer. 
ls.) 


[> 


621 9 


(500 


Engineering. (London.) 
132 62. (01 & 669 


ineering, No. 3467, June 24, p. 731. 


RAN (W.). — A machine for determining the fa- 
2 of metals. (4000 words & fig.) 


132 621 .86 
neering, No. 3467, June 24, p. 740. 


beftrically- operated traverser for 
. (900 words & fig.) 


132 : ¢ 
ineering, No. 3467, June 24,, p. 755. 
nall portable welding set. (350 words & fig.) 


a . 624 .8 (.489) 
neering, No, 3468, July 1, p..l. 

NGELUND (A.). — Highway and railway bridge 
ISS Alssund, Denmark. (3800 words & fig.) | 


332 Pore 621 .335 (.494) 
imeering, No. 3468, July, p.:22. 

oo-HP. single-phase electric locomotive for the 
s§ Federal Railways. (1 000 words & fig.) 


railway rolling 


621 .392 


ineering, No. 3468, July 1, p. 23. 


i practice in the welding of structural steel. 
words.) 


FY 


232 621 .132.3 (93) & 621 132.5 (. 73) 
imeering, No. 3469, July 8, p. 35. 


5-2 type and 4-8-2 type locomotives on the Penn- 
amia Railroad. (1800 words & fig.) 


28 aa £62133 (42), 
inmeering, No, 3469, July 8, p. 38. 


strification on the Southern Railway. (2 200 
& fig.) . 
082 

limeering, No. 3469, ‘July 8, p. 53. 


2 indicating universal testing machine. 
/ '& fig.) ae 


62. (01 (.42)- 


(1 800 


621 .3 (06 


he International Blectrical Congress in Paris. (4.500 


B32 ; 389 
neering, No. 3470, duly: 15, p—79. 
e Microlux Optical micrometer. (750 oro & fig.) 


Wy Ne 


| energy in the United States. 


232 621 392 (.42) & 721 9 (.42) 


r 


1932 
Engineering, No. 3470, July 15, p. 79. 
The production and transformation of electrical 
(3200 words & 2 tables.) 


621 .31 (08 (.73) 


Engineering News-Record. (New York.) 
1932 624 & 693 


; Engineering News-Record, No. 24, June 16, p. 851. 


ARMOUR (C. V.). — Thick concrete slab acts well 
under locomotive test load. (900 words & fig.) 


1932 624 
Engineering News-Record, No, 25, June 30, p. 911. 
Guard-rail practice varies on railway bridges. (1000 


words.) 


1932 , 656 .211.5 (.73) 
Engineering News-Record, No. 25, June 30, p. 912. 

PAYZANT (QO. S.). — Long-span platform roofs for 
Cincinnati station. (500 words & fig.) 


1932 


625 .13 (.73) 


| Engineering News-Record, No, 25, June 30, p. 917. 


Boston-East Boston vehicle tunnel. Design and con- 
struction. I, — (3100 words & fig.) 


1932 


Engineering News-Record, No. 25, 


691 (06 (.73) 
June 30, p. 923. 


Material specifications and research at. American So- 


ciety for Testing Materials’ meeting. (6300 words.) 


~ 


Indian Railway Gazette. (Caleutta.) 


1932 385 1 (.44) 


| Indian Railway Gazette, June, p. 187. 


The French railway crisis. (2400 words.) 


1932 621 .335 (.43) & 621 .43 (.43) 


\ Indian Railway Gazette, June, p. 139. 


STRAUSS (F.). Heavy oil and Diesel electric trac- 
tion in Germany. Restricting competition of road trans- 
port, (1300 words.) 


London & North Eastern Railway Magazine. 
(London.) 


1932 _ 625 15 (.42) 
London & North Eastern Ry. Mag., July, p. 358. 

THOM (R. A.). — Manufacture of points and cross- 
ings at Gorton Works. (1 000, words & fig.) ; 


a 
= 


. . - 


Modern ee (London.) 


1932 
Modern Transport, No. 693, June 25, p. 2. 
Australian transport. (1 100 words.) 


385.1 (94) 


2494-3 eee = 


1932 621 .13 (0 (.42) 1931 625 1 


Modern Transport, No. 693, June 25, p. 3. Proe., Inst. of Civil Eng., selected engineering — 
Progress in locomotive design. (4400 words & fig.) No. 116. Se 
INGLIS (R. A.). — The proportioning of £ 
1932 313 .385 (.71) | track fishplates from an economic stand peut | 
Modern Transport, No. 693, June 25, p. 5. words & fig.) _ 
LIDDY (S. J. W.). — Statistical methods on the 1931 - 621 an a 7 
Canadian Pacific Railway. (2300 words & fig.) Brae. duct. bf Ciysl Brion selected engineering j 
1932 621 .43 No. Lz 
Modern Transport, No. 693, June 25, p. 7. ey os a omn nih pone ueee off 
i i ; ; ma . fi tomatic low-he ydro-electric plant in Canada. 
) 
Oil engines for rail traction. (1100 words & fig.) words, table aeea 
1932 621 .338 (.493) 1931 fa 
Modern Transport, No. 694, July 2, p. 3. aes oat 
: aah roc., Inst. of Civil Eng., selected engineering pay 
Light railways in Belgium. (2100 words & fig.) seer cree Ep Sey Ee be a “ 
1932 656 .253 (.42) BLACKADDER (W.). — A direct method for 


Modern Transport, No. 694, July 2, p. 11. 
Fog-penetrating lamps for railway signalling. (500 


| 
: 


construction of influence lines for continuous gil 
(5 300 words.) q 


: 1932 621 .138.2 (.42) 
ti Modern Transport, No. 695, July 9, p. 3 


Proceedings, Institution of Railway — 
Signal Engineers. (Reading). 


Mech ling of 1 tives (2400 words & = 

tae anical coaling o eae ives _.( 0 words & 1931-32 : 656 2 
A - Proe., Inst. Ry. Signal Eng., Part TI, p. 242. 
os 1932 656 .235 .6 BUCKINGHAM (W.) & WEIR (A.), — Indicatl 
: 2 ae Modern Transport, No. 695, July 9, p. ' and repeaters. (9 300 words & fig.) = : : 
oh Industrial traffic management. — Ne. 25. Railway 
compani nd demurrage. (1900 word j _ 1932 656 
va Beg tg aes wordy) = Proe.. Inst. Ry. Signal Eng., Part II, p- 267. ie 
x 1932 621 .33 (42) WAGENRIEDER (B. F.), — Disc and miniat 


nals for shunting and sctbact movements, 


Modern Transport, No. 695, July 9, p. 7: 
words & fig.) 


Electrification of the Southern Railway. — Comple- 
tion of main line section to Three Bridges. (4000 
words, 1 table & fig.) 


1932 . 6568 


as ag ree i Proe., Inst. Ry. Signal Eng., Part II, p. 292. _ f 
en ae 1939 : 621 .335 (.41) & fzk 43 (.41) MYERS (H.). — Automatic train control. (5 
+ Modern Transport, No. 696, July 16, p. words.) Es : a 
eed Rai) cars for Ireland. — Great Northein ea TeRy 1932 ve my2x 656 254 ( 
ie development. (750 WOE & fig.) “Prods imet. Ry. Signal Eng., Part tsp: 308. 
ik ‘ os DAVIES (C. B.). — Developments in sign 
the Bombay suburban section of the Bombay 
mEOpoRangs, Institution of Civil Engineers, and Central. India Railway since 1925. d9; 000° 
pues 2 _(London.) — ae Ri cpihiies © FT 
Yai LOSI ah, 624.2 | = : 
ee es of Civil Eng., selected engineering paper, ine =. Rallvay Age. (New York) 
eS NOs 109.2 oe, _ < 
SE eS (EK, L.). — The effect of ‘adding | 1932 


psReilway Age, No. "25, June 18, : 1009. a 


| -BINKERD (R. 8.). — - What modern 
| do for American Railroads. (1 ae wo 


4 1932- ne cA 621 


Focal Age, a Rai 5. ume 18, 
The Ra os Sin Office: 


oe £8 Biateomeh girders, a 400 words & 

18 ; ; 
555% Maecenas . No ier 

a Con of Civil Eng., selected engineering ‘aes 
No. 11 : 


BENNETT (R.). — Pile-driving and the “supporting : 
exon of Nene B 100 words & fel; Ag hs Ve 
; nei ha Ye 


1931 ; Be Bn IER, clare 621 31 & 627. 932 
y + io af Oo V1 7 "9 li ed e ‘ 
af ib i B. ae lected poneneaine Rae | Ainge 


SIEVE VEKING (H. 7 ee “yaradilie decumelaiart 
Se with s iat reference to conditions. affecting 
ne “their” ae ee ia) eee 5 one a a shige? 


— 125 — 


1932 

‘ilway Age, No. 26, June 28, p. 1059. 
PALBOT (A. N.). — Why high stresses occur in 
is, (2700 words.) 


621 .39 (06 cio) ae 18 (06 
625 .26 (06 

lilway Age, No. 26, June 25, p. rn 

Railway Supply Officers hold annual convention. 

200 words.) 


1932 (.73) 
(.73) 


1932 621.13 (06 (.73) & 621 .2 (06 (.73) 
lilway Age, No. 26, June 26, p. 1072. 

Mechanical Division, American Railway Association, 
Ids its annual meeting in Chicago. (17 000 words.) 


1932 

ulway Age, No. 26, June 26, p, 1084. 
ffow should railways prov Sue for bus substitutions ? 
000 words & fig.) 


656 .1 (.73) 


1932 656 1 (.73) & 656 .261 (.73) 
ulway Age, No. 1, July 2, p. 7. 


R. R. motor operations reviewed. (3500 words.) 


1932 614 7 (71 + .73) 
: & 621.1334 (C71 + 173) 


ulway Age, No. 1, July 2, p. 13. 
Smoke abatement and fuel economy. 


(2 800 words.) 
___ Railway Engineer. (London.) 
1932 


vilway Engineer, July, p. 245. 


625 .23 


Railway carriage and wagon design and Bite 


eesics of 39 short articles). (86000 words & fig.) 


vay Engineering and Maintenance. Ehieaps. ) 
1932 625 142.2 


ilway Enoineering & M: aintenanee, July, p. 440. 
ow long do treated ties last ? (3500 words & fig.) 


3 

= 

1932 621 .392 (.73) 
way Engineering & Maintenance, July, p. 444. 

a arc welding in strengthening and repairing metal 


dges. (3 700 words & fig.) 


932 693. (.73) 
ilway Engineering & Maintenance, July, p. 451. 
eady-mixed concrete finds place in B. & B. work. 
900 words & fig.) 


625 .14 (.44) 
ilway Engineering & Maintenance, July, p. 453. 
HEARN (Sir Gordon). — Is France ahead in track 
ctice. Ae 400 words & fig.) _ : 


625 143. (0 


de lEst, Paris. 


words & fig.) 


Railway Gazette. (London.) 


1932 625 .143.1 (.68) 
Railway Gazette, No. 26, June 24, p. 902. 
New standard section for main line use on the 3 ft. 


e Bee gauge, South~African Railways. (450 words & 
1g 


1932 625 .236 (.45) 
Railway Gazette, No. 26, June 24, p. 903. 


New carriage-cleaning shed, Italian State Rys. 
words & fig.) 


(200 


1932 
Railway Gazette, No. 26, 
HARRAND (G.). 


June 24, p. 905. 


—— The reconstruction of the Gare 
(2400 words & fig.) 


1932 656 .225 (.42) 
Railway Gazette, No. 1; July 1, p. 9. 


Fast goods train services on the L. M. S. Ry. 
words & fig.) 


1932 656 .261 (.42) 
Railway Gazette, No. 1, July 1, p. 14. 
A modern railway goods station. (1 500 words & fig.) 


1932 621 .132.6 (.54) 
Railway Gazette, No. 1, July 1, p. 19. 
Standard tank locomotives for Indian Railways. 


(2 000 


1932 621 .392 (.42) & 624 (.42) 
Railway Gazette, No. 1, July I, p. 25. 
All-welded steel bridges. (700 words & fig.) 


1932 
Railway Gazette, No. 1, July 1, p. 48. 


A modern single wheeler tank locomotive. 
& fig.) 


1932 ae 621 «33 (.42) 
Railway Gazette, No. 1, July 1, p. 51. ~ 


621 132.6 


(450 words 


First main line electrification in England. (1900 
words & fig.) 
1932 a 656 .215 


Railway Gazette, No. 1, July 1, p. 54. 
Station lighting. (1 50¢ words & fig.) , 


1932 656 .211.5 (.481 + .489) 
Railway Gazette, No. 2, July 15, p. 75. 
Danish train ferry, (500 words & fig.) 


1932 621 .93 
Railway Gazette, No. 2, July 15, p. 76. 


vere sawing off machines. (500 words & fig.) 


1932_ - 625 .232 (.42) 


“Railway Gazette, No. 2, July 15, p. 76. 


Café cars on the Great Western Railway. (250 words 
fies ee 


656 .211 (.44) & 725 31 (.44) — 


(900 


au 
=e 


ya 
dete d 


er le ae ea 
rf id 


ES AV ans ERED (08 el eae CaO 
ms ar ua ih pai 32k) ee 


/ 
nA ‘ 


uA 


Eh 


- South African Rys. & Fars Mag., 
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1932 625 .24 (.67) 


Railway Gazette, No. 2, July 15, p. 79. 


New rolling stock for the Behguela Railway. (500 
words & fig.) 

1932 621 .43 
Railway Gazette, No, 2, July 15, p. 82. 

MIALL (S.). — Transmissions for Diesel locomotives 
and railcars. The S. lL. M. transmission. (1000 words 
fig.) 

1932 621 .43 (.41) 
Railway Gazette, No, 2, July, p. 84. 

Light Diesel railcars for Ireland. (700 words & fig.) 

1932 621 .438 (.42) 


Railway Gazette, No. 2, July 15, p. 86. 


Allen railway traction Diesel engine. (1000 words 


& fig.) 
Railway Magazine. (London.) 
1932 656 .222.1 (.42) 
Railway Magazine, July, p. 10. 
ALLEN (C. J.). — A super-speed record. \ (1200 
words, 3 tables & fig. 


Railway Mechanical Engineer. (New York.) 
1932 621 13 (06 (.73) & 625 .2 (06 (.73) 


Railway Mechanical Engineer, July, p. 259. , 
Mechanical Division, American Railway Association, 
holds two-day meeting at Chicago. (30 000 words.) 


‘South African Railways and Harbours Magazine. 


(Johannesburg.) 


1932 385 .586 (.68) 

June, p. 715. |- 
Adams (E. R.)-— Some ones on the training of 

apprentices on the South Airican ge Nd (2 200 


_ words & .fig.) 


4 


Transit Journal. (New York.) 
1932.2 ‘ 
Transit Journal, July, p. 309, : 
WALKER (F. B.). — Quality of welds may bd de- 
- termined” by visual inspection, a 400 words & fig.) 
— 
, 1932 


Transit Journal, July, p. 311. 

DAVIS (H. A.). — Magnetic track peanea used for 

yea stops on Indiana TEE cars. (600 words 
fig.) 


“1932 


621 392 


- Transit Journal, July, pe 317, 
i Progressive car cleaning, and ssa bata mt ‘London. 


‘(1 800 words & fig.) 


‘ 


625 .255 


625 .248 (42) 


in Spanish. $ 
| & 


| carriles Vascongados, 


~de « containers ». 


University of Illinois Bulletin. 
(Urbana, I., U. 8. A.) 


>" 


1932 
University of Illinois Bulletin, No, 45, Febru a 
KETCHUM (M. 8S.) & DRAFFIN (J. O.).— Streng 
of light I beams. (7200 words, 17 tables & ap 


ZP 
f in 


Anales de la Asociacion de Ingenieros — 
del I. C A. I. (Madrid). 


1932 621 .335 @ 
Anales de la Asociacion de Ingenieros del I. C.” 
junio, p. 339. ~ ; < 
PONTECORVO (L.). — Electrificacién de los Fer 
(4000 palabras & fig.) - (Con 

nuara. ) B: 


1932 


Ferrocarriles y Tranvias, ae p- 140. 
AZA (P.) & COSTILLA (B — ; El «trenme 


como indice de la siplobaion en los ferrocai 
(2400 palabras, 2 euadros & fig.) ee 


1932 625 .245 & ots 2 
Ferrocarriles y Tranvias, junio, p. 170. 

-WOHL (P.). — El progreso del « container > 4 
América y Europa, (5400 palabras & fig.) } 


1932 > 625 .245 & 656 .22 
Ferrocarriles y Tranvias, junio, p. 176. 


CRESPI (S. E. S.). — El desarrollo futuro del tra 
(1500 palabras & fig.) = 


Gaceta de los Caminos de hierro. Midna ) 


1932 621 .33 ( 
Gaceta de los Caminos de hierro, n° 3685, l de F. 
p. 145. 


La Europa central y la electrificacion facial a 
(1 200 palabras, ) ; 


Revista de Behe Industrial. (Madrid. ) 


1932 656 | 
Revista de Ingenieria. Industiial, junio, p. “{8l.=.4 


RAHOLA (S.). — Modificaciones introducidas 
sefiales de las vias férreas. (4400. deaeige & ee 


1932 621 132. 8 & 6: 
Revista de Ingenieria Industrial, julio, oe. A Say 


DE COS (F.). — -Traccién con automotores « 
carriles, (6 400 palabras & fete 


Revista de Obras Publicas. (Madrid.) 


1932 62. (01 & 691 
vista de Obras Publicas, n° 13, lo de julio, p. 310. 
MONFORT HERVAS (A.). — Abaco y cuadros para 
irépido calculo de resistencia de losas y vigas de hor- 
ign armado, (1600 palabras & fig.) 


M932 621 132.8 
vista de Obras Publicas, no 14-15 de julio, p. 338. 
HOMIS CORNET (M.). — Observaciones a la trac- 
jn por hélice sobre carriles. (2800 palabras & fig.) 
11932 656 .1 & 656 .2 
vista de Obras Publicas, n° 14-15 de julio, p. 343. 


DIZ TIRADO (P.). — Carreteras y_ ferrocarriles. 
700 palabras & fig.) 


In Italian, 


Annali dei lavori pubblici. (Roma.) 


1932 624 .2 (01 


mali dei lavori pubblici, marzo, p. 199. 


SaTANNELLI (A.). — Ellisse e coniche di elasticita 
i sistemi elastici Be piu volte connessi. (2 600 pa- 
le & fig.) 


‘Rivista tecnica delle ferrovie italiane (Roma). 


11932 : 


ista tecnica delle ferrovie ital., 


621 .33 (.45) 
15 giugno, p. 355. 


I (G. B.). — Utilizzazione del personale tecnico _ 


eraio addetto agli impianti di elettrificazione. (4000 
“role & fig.) : 


“ 
11932 ; 625 .244 (.45) 
jvista tecnica delle ferrovie ital.,-15 giugno, p. 364. 
FORTE (G.). & APICELLA (G.). — Le recenti espe- 
e di refrigerazione di derrate deperibili in un carro 
ve pele Ferrovie Italiane dello Stato. (3900 parole & 


yx, 


1932 313 .385 
= tecnica delle ferrovie ital, 15 giugno, p. 375. 
OVENE (N.). — I recenti sviluppi della statistica 


ernazionale delle ferrovie. (2 400 parole.) 


ivista tecnica delle ferrovie ital., 15 giugno, p. 380. 
STECCANELLA (A.). — L’unificazione internazio- 
délla barretta per le prove di resilienza. 
J e & a quadri.) 


2 621 .332 
sta tecnica delle ferrovie ital., 15 giugno, p. 387. 


& Fig.) 


62. (01 


(3 200 | 


= 4107 = 


in Dutch. 


Spoor- en Tramwegen. (Utrecht.) 


1932 656 .23 (.492) 
Spoor- en Tramwegen, no 1, 5 Juli, p. 5. 
JAGT (A. G.). — Rapport der tarievencommissie. 
(1500 woorden & fig.) 
1932 
Spoor- en Tramwegen, n° 1, 5 Juli, p. 8. 
BEEK (A. C.). — De Caprotti-stoomverdeeling voor 
locomotieven. (1300 woorden & fig.) 


621 .134.3 


1932 385 .113 (.492) 
Spoor- en Tramwegen, no I, 5 Juli, p. 12. 

De Nederlandsche spoorwegen over 1931. (1 900 woor- 
den & fig.) 

1932 
Spoor- en Tramwegen, n° 2, 19 Juli, p. 30. 

ROSENQUIST (A. J. H. L.). — De onderbouw van 
de nieuwe Progo-brug. (2400 woorden & fig.) 


624 .32 (.92) 


1932 621 .3835 (.492) 
Spoor- en Tramwegen, no 2, 19 Juli, p. 37. 

De nieuwe Gotthard locomotieven. (1400 woorden & 
fig.) 


1932 : 625 .13 (.493) 
Spoor- en Tramwegen, n° 2, 19 Juli, p. 39. 

JACOPS (A.). — Spoorvernieuwing in den tunnel 
van s’ Graven-Brakel (Belgié). (1100 woorden & fig.) 
(Wordt vervolgd.) 


in Czech. 
(91.886) 


Casopis pro Zelezniéni pravo a politiku, (Praha.) 


1932 336 = 91 .886 
Casopis pro zeleznicni prévo a politiku, n° 4, p. 49. 

CERMAK. — Financing the State undertakings. 
(4 400 words. \ 

1932 385 .5 (.43) = 91 .886 


Casopis pro zeleznicni pravo a politiku, n° 4, p. 65. 
CAJTHAML. — Organisation of the German State 
Railway Company as regards the staff. (4800 words.) 


Zelezniéni Revue. (Praha.) 


625 .141 = 91 .886 


1932. 


SEIDER-DUPRE (E.). — Le grandi linee aeree | Zeleznieni Revue, n° 11, p. 161, 


tr. ence, dell’ energia elettrica. (12 au parole, | 


-VAVERKA. — Proposed reduction of the thickness 
of the ES of track ballast. (2800 words. ) 


198 = 

ig 4 . Say oS C0 2 a i 
Zpravy Zelezniénich inzenyru. (Praha.) =F 

In Portuguese . ee 

1932 625 .2 — 91 .886 8 a | 
Zprivy zeleznicnich inzenyru, n° 5, p. 83. Bea ti 


DEYL, — Transversal stability of the vehicles on the 


rails. (6600 words & fig.) 
In Polish. 
(== 91.885) 
Inzynier Kolejowy. (Warszawa.) 
1932 621, 139° =" SL S35 


& 625 .18 = 91 .885 
Inzynier Kolejowy, no 5, p. 102; n° 6, p. 126. 
BLASZKOWSKI. — The Stores Department. — Prin- 
ciples and methods, (11000 words & diagr.) 


1932 625 .143.2 = 91 .885 
Inzynier Kolejowy, n° 5, p. 105. 

KOLOMYJSKI. — Necessity and possibility of im- 
proving the quality of rails by the sorbitic treatment. 
. (6500 words & diagr.) 
1932 62171385 — SE 385 

: & 665 .882 = 91 .885 
Inzynier Kolejowy, n° 5, p. 110; no 6, p. 131. 

LISOWSKI. — The use of autogeneous welding in 
the repair of copper locomotive fireboxes. (13 600 
words & fig.) 


43a — M. 


ferro. (1100 raat ah) & 


Gazeta dos Caminhos de ferro. ve : if 


1932 d 
Gazeta dos caminhos de ferro, no 1070, 16 ‘a "if 
Dp. dda. ‘a 


GALO (J.).. — Tracgado de curvas de camille 


In Serbian. 
(= 91.882) . a 


Saobraéajni pregled. (Beograd.) 

1932 ~ 621 139 = 
Saobracajni pregled, n° 5, p. 181. 
MARKOVIC. — Organisation of the locomotive 
purchasing and acceptance department. (6750 wo 
fig. ) 


1932 621 134.2 = = ‘on 8§ 
Saobracajni pregled, n° 5, p. 188. , 
GREBENAROVIC. — Regulation of the a 


on the new standard gauge locomotives. (15750 ¥ 
& fig.) 
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a I. — BOOKS. 
= ; tung des Vereins, 1 Band, 8°, 603 Seiten in getr. Pag, 
In French. (Preis : 9 R.M.) % 

. : 1932 62. (01 
932 625 .214 - ( 
HR (H.) & GOHLKE (M.) BEILHACK. (M.).. 
valiers a roulements 4a billes, 4 rouleaux, 4 aiguilles, Na Rs et cae SE 7 
aris, Dunod. Un volume (14 x 28 em.), 160 pages et Berlin, V. . i. Verlag. 1 Band, 22 Seiten und 55 Ab- 
| figures. (Prix : 50 franes frangais.) iulmungen.\(Fieis- 400° RM.) 
1932 624 2] 1932 0 


ROT (P.) & RIECKHOF (C.). 

wa statistique expérimentale des constructions con- 
ues. 

Lae Constructeur de ciment armé, 148, boule- 
‘d de Magenta Un volume, 195 pages, ‘tableaux et 


ures. (Prix : 35 francs francais.) > 

2 

(932 385 .52 
EVALIER (Jean), 

a question des salaires. 

aris, Félix Alcan. Une brochure, 46 pages. (Prix : |] ~ 


j 
e 


932 
ITUT INTERNATIONAL 
CIENTIFIQUE DU TRAVAIL. 


exploitation des chemins de fer. 


méve, édité par l'Institut, 2, boulevard du Théatre. 
3 ‘volumes de 226-et 181 pages et figures. 
eS 


es 656. (02 
SON (Ferdinand). 
oxploitation technique des chemins de fer. 


aris, Ch. Béranger. Un volume in-40 (22 x 28 cm.), 
pages, 270 figures. (Prix : 150 francs frangais.) 


rancs frang¢ais.) 


385 .587 & 656 
D’ORGANISATION 


In German. — 


32 : 625.212 
hsdruckverzeichnis. “Verzeichnis der ee AE 
driicke, Achsstande und. Lademasse. 


Q) The numbers placed over ‘the title of cach 


ferausgegeben von der Geschiiftsfiihrenden Verwal-— 


njointly with the Office Bibliographique International, of Brussels. 
nilway Science », by L. Seog in the number for November, 1897, of the Bulletin of the International Railway Congress, 


Dezimal-Klassifikation. (Deutsche Kurzausgabe). 


Berlin, Beuth.-Verlag. 1 Band, 100 Seiten. (Preis 
4 RM.) 

1932 625 .215 
RAAB (K.). 


Versuche uber den Lauf von Drehgestell-Personen- 


wagen, insbesondere zur Erforschung der Abhangigkeit - 


des Laufes von der Grosse der Spiele im Laufwerk. 


1 Band, 4°; Teil 1 u. 2, 50, 14, 8 S. mit Abb., Taf. 3-5, 
11 Kurventafeln, (Preis : 8 RM.) 


1932 
SCHOKLITSCH (A.). 

Der Grundbau. 

Ein Handbuch fiir Studium und Praxis. 1 Band, 4°, 


XII, 490 Seiten mit 748 Abb, und 34 mabellen. (Preis 
geb. : 62 R.M.). : 
1932 621 114 


STEINITZ (E. W.). “2 

Richtige Maschinenschmierung. 

Berlin, Julius Springer. 1 Band, 177 Seiten & 46 Ab- 
bildungen.. (Preis- : 7.80 R.M.) 


1932 
THUN (A.) & BUCHMANN.(W.). 
Dauerfestigkeit und Konstruktion. 
Berlin, V. D. I. Verlag. 1 Band, 81 Seiten, 9 Zahlen- 
tafeln und 55 Abbildungen. (Preis : 6.90 R.M.) - 


book are those of the decimai classification proposed by the Railway Cerise 


(See « Bibliographical Decimal Classification as applied to 


721 (02 


(OL & 621 


in English. 


1932 3 (06 (.73) 
AMERICAN ACADEMY OF POLITICAL AND SOCIAL 
SCIENCE. 
Thirty-sixth annual meeting 
planning. 
Philadelphia, Pa. Edited by the Association, 3457, 
Walnut Street, 307) pages. 


: National and World 


1932 625 .142.2 (06 (.73) & 691 (06 (.73) 
AMERICAN WOOD PRESERVERS’ ASSOCIATION. 

Proceedings of the 28th Annual Meeting, 26-28 Ja- 
nuary, 1932. Washington, D. C. Published by the Asso- 
ciation, 1427, Eye Street, N.W. One volume (6 x 9 
inches) of 470 pages with numerous illustrations and 
tables. 


1932 385.°(08 (.52) 

DEPARTMENT OF RAILWAYS, GOVERNMENT OF 
JAPAN, 

Annual Report for the year ending 31 March 1931. 
(Japanese State Railways, Local Lines and Tramways). 
— Information about the Railways of Formosa, Saga- 
lien, Korea and South Manchuria. i 

Tokyo, Department of Railways. One volume 
(7.x 10 1/2 inches) of 300 pages, with map, illustra- 
tions, diagrams and tables. 


1932 ‘ 621 138.5 (.54) 
DE VERE IRWIN (R.),-A. M. I. C. HE. M. LL. £., 
Work Manager (Loco) & POTTER (J. R.), Assis- 
tant Works “Manager (Loco), Eastern Bengal Rail- 
way. 
The belt system of repairs introduced in the locomo- 
tive workshops at Kanchrapara. 


Calcutta. The Manager, Government of India Cen- 


‘ 


[ 016 .385. (05 ] 


‘In French. 


Annales des Mines. (Paris.) 


1932 ) «621-116 -& 656 .28 
Annales des Mines, avril, p. 3387. -! 
DELACOUR (A.). — Note sur un élément d’infor- 


mation intéressant la recherche des causes d’éclate-— 
ment. des tubes de chaudiéres neley gcse ales (4.900. 


mots & fig. ) 


Annales des -ponts eer, (Paris) % 


1932 * Sioa ; 624°.2 & 691 
_ Annales . des ° ponts & chaussé 8, mai-juin, p. 337, — 
‘SUQUET, — Note sur ‘la 2 


_armé par le retrait du atin. pe ‘700 mots & fig.) 


r (Price + 1 sh.9°d.) : =} 


Il. — PERIODICALS. 


étermination des efforts — 
‘occasionnés dans. les armatures d’une poutre en béton 


tral Publication Branch. Technical paper No, . 


1932 665. 
Encyclopedia of oxy-acetylene welding. Vol. ao 
construction, Vol. Il. Construction of appeal 
containers, | 

Geneva. International Advisory Committee ian 
bide and Welding Technique. | 

London. The Acetylene and Welding Consulting f: 
reau Limited. 


mcs 
aa 


1932 385. (07 CP 1 

LONDON SCHOOL OF ECONOMICS AND POLITIC), 
SCIENCE (University of London). f 

Programme of lectures and classes on railway § 
cognate subjects. Session 1932-33. Examination resu 
1931-32. pe 

London (W, C. 2), London School of Economies ij 
Political Science, Houghton Street, Ae Be mw 
phlet, 32 pages: 

1932 625 .213 & 625 

Steel springs or rubber springs ? A pamphlet iss 
by the Civil Spring Makers’ Association. 

_ Sheffield (England), Wiliams Deacon’s 
Chambers, Church Street. 


~ In Italian. 


_ 


1932 
SANTARELLA (L.). 


- Il cemento armato : Volume III : Monografie | 
truzioni italiane civili ed industriali. 
Milano, Hoepli, 1 volume, 522 pagine, 400 fig 
atlas. (Presso : 100 lire.) 


= = 


1932 , 624 32 ( 
Annales des ponts et chaussées, mai-juin, p. 349. 
GARAU. — Reconstruction du pont de la lign 


‘Bordeaux & Séte sur le Tarn, a MOSER (15 500. 
& fig.) 


zy 
— a > fi ~~ . 


. . ae 
we es Z 

1932 ae “ le 5 

Annales des ponts et ‘chalgiactare ee p. 408, 


FREYSSINET. — eee d'une theories dt 
du ciment. (3 200 ita P 


7 
ao} ar 


sigsd i. hieh ere eee Se 
Annales des ponts et cintupder, ‘mai-juin, ie 
-MARCOTTE (E.), — Note au sujet des 1 


Dies ks artificiels en pate pure: et xe 
ratie3 600 mots Pigs Be wwe 


! Annales des travaux publics de Belgique. 
(Bruxelles.) 

1932 693 

males, des travaux publics de Belgique, aoft, p. 535. 


HESCANS (L.). — La stabilité de rotation des ma- 
yneries. (11 100 mots.) 


932 625 13 (.493) 
males des travaux publics de Belgique, aofit, p. 565. 


PHONET. — La construction des tunnels sous l’Es- 
+ & Anvers. (3 400 mots.) 


Bulletin de l'Union internationale 
des chemins de fer. (Paris.) 


1932. . 385 .113 (.42) 
\I. de ’Union intern. des ch. de fer, juillet, p. 201. 


SHERRINGTON (C. E. R.). — Les quatre grandes 
npagnies de chemins de fer de Grande-Bretagne pen- 
ht Vexercice 1931. (14 300 mots & 38 tableaux.) 


Ietin technique de l'Union professionnelle des 
mspecteurs techniques et des chefs de section 
des chemins de fer belges. (Bruxelles ) 

(932 : : 625 .172 
ll, tech. de PUnion profes, des’ Inspecteurs techniques 


et des Chefs de section des ch. de fer belges, 
nes 48 et 49, 15 aotit, p. 1. 


JODART cS — le désherbage chimique. (1 100 
ie.) 
1932 625 151 


ll, tech. de l'Union profes. des Inspecteurs techniques 
et des Chefs de section des ch. de fer belges, 
pp 48 et 49, 15 aot, p. 9. 

NOPERT. — Calcul des branchements. (2 500 mots & 


Chronique des transports. (Paris.) 


Bee oi 656 .235.7 (.44) 


ronique—des transports, n° 14, 25 juillet, p. 2. 


Yoeuvre agricole de la Compagnie du Midi, Ae 


2g : see ie 

932 | : 385 (.44) 
mique des eronig porta: n° 15, 10 aott, p. 3. 

: réseau du Nord. Situation Ereeen et. problémes 

proche avenir. (6 500 maots.) 


’ 


669 A 


q aa e )— is Eaton lies a ea du ingot, 
téles et bandes en acier ipaleece bie Staybrite. 
00 mots & pels eg ; 


— 131 — 


1932 669 1 
Génie civil, n° 2608, 6 aofit, p. 137. 
GUILLET \(L. fils). — Les impuretés des produits 


métallurgiques, Leur influence sur la structure et les 
propriétés. (3 800 mots & fig.) 


1932 62. (01 
Génie civil,.n° 2608, 6 aofit, p. 140. 
TORROJA. (H.). — L’hypothése de la déformation 


plane dans les profilés de faible épaisseur. (1 000 mots 
& fig.) 


1932 621 .4 
Génie civil, no 2609, 13 aoft, p. 153. 

ABT (HE. H.). — Les fluctuations de pression dans Jes 
tuyauteries d’échappement. Leur application aux mo- 


teurs < turbo-alimentés » suivant le procédé Biichi. 
(4100 mots & fig.) 


1932 . 691 
Génie civil, n° 2609, 13 aofit, p. 158. 

MARCOTTE (E.). — Influence de la température sur 
la prise et le durcissement des ciments. (5 300 mots, 2 
tableaux & fig.) 


1932 625 143.5 
Génie civil, n° 2610, 20 aofit, p. 179. 
LEVI (R.). — Les déplacements longitudinaux des 


rails et les déformations de la voie. (5 300 mots & fig.) 


L’Allégement dans les Transports, (Lucerne.) 
1932 625 .2 


Lall@gement dans les Transports, janvier 4 juin, p. 4 
-HUG (Ad. M.). = L’augmentation de Ja capacité des 


moyens de transport au cours du siécle écoulé. (600 


mots & fig.) 
1932 625.5 (.494) 
L’allégement dang les Transports, janvier & juin, p. 15. 
‘HUG (Ad. M.). — Les nouveaux véhicules légers du 


téléphériaue Getsehnisdp: -Triibsee & Engelberg. (2300. 


mots & fig. } 


Les Chemins de fer et les Tramways. (Paris.). 


4932 621 .132.3 (.44) & 621 132.6 (.44) 


Les Chemins de fer.et les Tramways, juillet, p. 122. 
SPIESS (E.). — Locomotives des chemins de’ fer de 


YEst, types 2-4-1 et 1-5-1. (4700 mots & fig.) 


1932 4 621 .33 (.494) 


Les Chemins de fer et les*Tramways, juillet, p. 126. 
Electrification du chemin de fer suisse du Lac de 


Constance au Toggenbourg. (1800 mots & fig.) 


1932 . ae | 625 2 


Les Chemins de fer et les Teenways juillet, D 128. 


VIE (G.), — L’utilisation des aciers spéciaux dans la 


construction du matériel roulant. (3200 mots.) ~ 


— 132 — 
1932 621 .133.7 1932 te ; 
Les Chemins de fer et les Tramways, juillet, p. 130. Revue universelle des mines, no 3, 1 aott, p: 9 Hee | 
VIE (G.), — Note sur un injecteur A vapeur d’échap- 15 aoat, p. 117. 
ement. (3700 mots & fig.) MEYERSBERG (G.). — Considérations sur qu 
{see ell nad ar leas propriétés mécaniques des fontes. (6800 mots, 3) 
1932 625 .13 bleaux & fig.) he - 
Les Chemins de fer et les Tramways, juillet, p. 135. ‘ F > 
Le ciment fondu dans la construction des tunnels. | In German. 4 
. (1200 mots & fig.) 
beelen aes Die Lokomotive. (Wien.) 
Les Chemins de fer et les Tramways, juillet, p. 136, 
Ressort en volute. (1000 mots & fig.) 1932 oa 2 Vb ae 
Die Lokomotive, August, 8. 139. 
. 1932 fe 621 .336 Neue Rekordleistungen der Super-Pacifiklokor m 
Les Chemins de fer et les Tramways, juillet, p. 138. der franzdaischén ‘Nordbahn. (900 Worter & Abb.) 


Nouveau mode d’agencement des supports des lignes 
aériennes 4 suspension caténaire. (1100 mots & fig.) 


1932 621 a: 

Die Lokomotive, August.,S. 143. 2 —_— 
Triebwagen oder Schienen-Auto. (6 600 woul r 

Abb.) . Z 


‘ 


Revue générale des chemins de fer. (Paris.) 
1932 621 .138.1 (.44) 


Revue générale des chemins de fer, aofit, p. 111. 


RICHON. — Le nouveau dépét P. L. M. a Nevers. 
(7 500 mots & fig.) 


Elektrische Bahnen. (Berlin.) 
1932 621 a 


1932 621 392 (.44) & 656 .211.5 (.44) | Elektrische Bahnen, Juli, 8. 149. 

. Revue générale des chemins de fer, aot, p, 128. STEENER (F,). — Die neuen Gotthard-Lokomo 
aay RIDET (J.). — Emploi de la soudure électrique dans | (1-690 Worter & Abb.) ag 
Oat la construction dune marquise en gare de Paris-Est. eee 
o (1800 mots & fig.) 1932 — 621. 3 
ee : Reeth Elektrische Bahnen, Juli, S. 156. 

‘ “ s 1932 385 .1 (.73) LEBOUCHER, — Die neuen Glsichst¢om- Lok 


Revue générale qes chemins de fer, aofit, p. 133. Gattung B, + By (1500 Volt) der Midi-Eisen 


o> % - _ Les mesures prises pour parer A la crise des chemins | sellschaft. (4500 Wérter & Abb.) — 

he de fer aux Etats-Unis. (4900 mots.) . i aes = 

es . . = 

ASS {* 1832 Oe 3 
a fart 1932 385 113 (.493) Elektrische Bahnen, Jull, 'S. 168. rae” 


_. Revue générale des chemins de fer, aofit, p. 140. 


VOGEL (Th.). — Arbeitsorganisation und 
nahme des ‘Tragsell und Fahrdrahtzuges bei di 
trisierung zweigleisiger Bahnen, aut freier Stre 1 
Bahnhifen. (5 000 Wirter,) . 


a _ Résultats du cinquiéme exercice (1931) de la Société 
es Bee Hationsie des suction de fer belges. (5000 mots.) 


me). 1982 - ' 625 .154 
; Revue générale des chemins de fer, aoft, p. 148. 


Plaques tournantes A poutres principales subdivisées. 
(2 200 mots & fig.) Si ; 


1s J : ~“ 
o + “ - : ~ 
* 


ap Revue politique et parlementaire, (Paris.). 


ws 1932 — Bite, 4 Deeg 050 1 & 056 2 
_ Revue politique et iobclestrhalt 10 aont, p. 338. ‘ 


COLSON (C.), — L’automobili me h My 
ite ee ‘eae (5000 mots.) — i ane 18) ot asc c mins oe 


wt 24 ee sas td Se 
- . ai a ae 
n ” 7 - mee, 


* ' LEBA dons 2 


i Glaters panier eee cabo 


‘Ans dem_ cerita ia De 
agetinaies oes das Neon. 


43992 ~ ‘ 

Revue street in Sintes eer 1 a 
TOU! Ch, ). — Le pont -Geor Ne 

New-York “A “28 00 fie ip rie) (sate : 


— 133 — 
ie AV ca ihe taeae ta age 621 .133.3 Zeitung des Vereins deutscher HKisenbahn- 
or et UT Ss ie , Se a ves 8 & 1 
Bers : reetia oF nee des Hisenbahnwesens, Heft verwaltungen. (Berlin.) 
j; AMMERMANN. — Stehbolzen mit gewalztem Ge- 1932 385. .517.7 (.43) 


Besser Lokomotivkessel, (1900 Worter & Abb.) Zeitung des Vereins deutsch. ‘Hisenbahnverw., Nr. 30, 


7 28. Juli, S. 646. 
/ 1932 ree 624 .61 (.43) HEINTZE. — Das Wohnungs- und Siedlungswesen 
»rgan fiir die Fortschritte des Hisenbahnwesens, Heft | der Deutschen Reichsbahn-Gesellschaft. (4200 Wéorter,) 
./ 15, 1. August, S. 291. 


WEISS. — Die Umbauten an der Elstertal- und an 1932 656 .254 

ver GOltzschtalbriicke, (3 400 Wérter & Abb.) Zeitung des oe deutsch. Wisenbahnverw., Nr, 30, 
: 28. Juli, S. 651. 

1932 625 142.2 (436) KUHNKE (J.). — Die selbsttiitige elektrische 


rgan fiir die Fortschritte des Eisenbahnwesens. Heft Schrankenbeleuchtung. (1800 Wérter & Abb.) 
§ 15,1. August, S. 297, : = 


HROMATKA (F.). — Vorkommen des Zahlings auf 1932 621 .133.1 (.43) 
garchenschwellen im Bereiche der Osterreichischen Bun- | Zeitung des Vereins deutsch, Hisenbahnverw., Nr. 31, 
pesbahnen. (1 800 Wo6rter & Abb.) 4, August, S. 660. Pa 


; : : SS WITTE (F.). Die Kohlenstaubfeuerung auf Loko- 
1932 621 .138 (.433) | motiven der Deutschen Reichsbahn. (2800 Wéorter, 2 


prgan fiir die Fortschritte des Eisenbahnwesens, Heft Tabellen & Abb.) 
= 16, 15, August, S. 301, pee S 
LETTAU. — Die neue Lokomotivbehandlungsanlage 1932 Aa. * a 656 .211.5 | 
eim Bahnbetriebswerk Niirnberg Hauptbahnhof. (3 600 Zeitung des Vereins deutsch, Hisenbahnverw., Nr. 31, 
; & oe 4, August, S. 665. 

ihes ‘ Umbau von Gepack-Federwagen, (500 Wéorter & Abb.) 


1932 725 .33 (.43) 
rean fiir die Fortschritte des Eisenbahnwesens, Heft | | 1932 _ 625 .245 (.43) & 656 .225 (48) 
~ 16, 15. August, S. 307. Zeitung des Vereins deutsch. Hisenbahnverw., Nr. 32, 


830DE. — Das neue Bahnbetriebswerk und Bahnbe- 11. August, S. 677. aie 
-riebswagenwerk Diisseldorf Abstellbahnhof und seine. HOLTZ. — Der Behalter im deutschen und im zwi- 
Sear sate Anlagen. (4200 Worter & Abb.) | schenstaatlichen Verkehr. (4600 Worter.) 


1932 621 138.1 | 1932 ; : 625 .172 
rean fiir die Fortschritte des Eisenbahnwesens, Heft | Zeitung des Vereins deutsch. Wisenbahnverw., Nr. 32,) . 
16, 15. August, S. 313. 11, August, S. 686. . ; oe. 
-BAISCH. — Uber « selbsttiitige » Rauchabfiihrung in FRUHMANN (K.). — Das Zerstaubungsverfahren bei Soe 
Lokomotivschuppen. (1100 Wéorter & Abb.) der Unkrautvertilgung mittels Natriumchloratlésung. an Se 
: : ae (3 200 Worter.) WP Si: 
1932 ~ 621 .138 (.43) —— ax { 
Organ fiir die Bortechritte des Been naar eos Heft “ ; Ker 89 
16, 15. August, S. 315. In English. , bara : 
ROSENKRANZ (A,). — Die Pressluftbesandungsan- | ———-_—__—- —— ——_—- 
‘lage fiir Lokomotiven im Bahnbetriebswerk Hagen- : - ‘ ms 
Rckesey. (800 Warter & Abb.) - Commerce Reports. (Washington.) Biases. : 
13 RETA os 1932 2) > 18856. cre 
| ; Commerce Reports, July 4, p. 3. ~ SEL mae er 
/, r es ereines Deutscher In enieure, BALDWIN (C. F.), — Motor-vehicle world census, 
: eitseh ift ce 8 Tanuary 1, 1932. (2600 words & tables.) See. 
| (Berlin. VE See : “ipsa. i ele ee ie 
1932 : 621 ‘43 aoe eee a ; Soe me mS 
itschr, des Ver. deutsch. Ing. , Nr. 32, 6. August, 8. 765. |. . 25. a 
. ec Engineer. ood see: 
i NEUMANN {K.). — Untersuchungen an der Diesel- oe 
naschine, Reaktionskinetische Betrachtungen zum 1932. 621 ‘oom Bae. 
Ber oreans, (4 ae Wirter & oe j Engineer, No. 3993, July 22, p- 78; No, 3994, Tuly 29, ee 
eee p. 102. when 
; 932 Cen + 62. (01 WATSON. (H.). — The be of urban Bers: a 
eitschr ¢ des Ver. deutsch. Ing., Nr. 33, 13. ‘August, 8.797. | TAllways. (7 200 ‘words, ee fig.) ey ie 
HORST (W.), MATTHAES . (K.) & | «Ot eran 
— Uber die Abhiingiokeit dee Dauerfe- _ 1932, 94, July 29, 118. 625 244 eas 
@ von “dar Eeistellonsnucring: (1.500 : Wienter, 1 Engineer, No 3994, July p: ee 


. Refrigerant for Roruabie traffic. (250 words.) : nee 


— 134 — 
1932 669 1932 621 .43 Lap 
The Metallurgist, supplement to the Engineer, June 24, | Engineering, No, 3472, July 29, p. 118. | 
p. 85. Maybach airless-injection engines. (4000 wou ty 
Ingot moulds. (1 600 words.) fig.) 
1932 62. (01 & 669.1! 1932 621 .94 (4 
The Metallurgist, supplement to the Engineer, June 24, | Engineering, No. 3472, July 29, p. 136. 
p. 87. Capstan lathes with all-electric and _ single- pull 
Short-time creep tests on steel, (2200 words & 2 | headstocks. (1200 words & fig.) / 
tables. ioe 
sag oe 1932 625 .246 (4) « 
1932 665 .882 | Engineering, No. 3472, July 29, p. 142. T=) 
The Metallurgist, supplement to the Engineer, June 24, Wagon for the transport of milk-tank trailers, # 
p. 94. words & fig.) 


Autogenous welding of copper fire-boxes. (2 200 words 
& 1 table.) 


1932 669 1 
The Metallurgist, supplement to the Engineer, July 29, 
~p. 99. 
CHUBB (W. _F.). 
words & fig.) 


1932 
The Metallurgist, supplement to the Engineer, 
p. 102. = 
Aluminium bronze. 


669 .3 
_. 1932 


July 29, 
The Metallurgist, supplement to the Engineer. 


: 
669 1 
July 29, 
p- 106 


— Abnormality of steel. (2200 


(2.000 words.) 


Temper-hardening of Austenitic corrosion-resisting 
steels. (1500 words & 1 table.) 


1932 669 
The Metailur gist, supplement to the Engineer, July 29, 
10. 


oer GREAVES (R. H.). — The terminology of hardening. 
ati ‘(1 000 words.) : 


AS, 1932 669 
eo De: Metallurgist, supplement to the Engineer, July 29, 
Peel. 


i . Electro-deposition of chromium rhs chloride and sul- 


* ESSE: phate baths. (2600 words.) 

eet 2 1999 i | 621 .33 
See The Engineer, No. 3995, August 5, p. 127. 

uo WATSON (H.). — The economics of urban electric 7 
ie railways. (2.800 words & fig.) 

ope ; E. 


Engineering: ( London.) 


Ry 1932 621 .95 
ees Engineering, No, 3471, rat 22,-p. 94. iP har) 
Boring mill with oval-turning aownianant at 1300 
Bie 304 words & fig.) 
Bese 19Rb g 669 

| Engineering, No, 3471, July 22, p. 107. | 
+ ROSENHAIN (W.). Ferrous and homnterroie 

metals in the foundry. (5 50 500 words & fig.) 

61801932" BAS bape 621 .95 (.42) | 1m 

mA Engineering, No. 3471, July 22, D. i. ‘| 

he peered be ty machine, (400 words & fig, ) ; 

‘ ee 3 A : a ‘ ys a 

ees. a hy ~ 1 +." = i ie ” etated Fhe y ‘ 


Engineering News-Record, No. 3, July 21, p. er. 4 


1932 
Engineering, No. 3478, August 5, p. 147. 


Tests of integral and surface waterproofings for % y 
crete. (3300 words & fig.) q > 


1932 
Engineering, No. 3473, August 5, p. 148. 


The Kent system of automatic boiler control, = 
(2500 words & fig.) 


1932 621 31 (J 
Engineering, No. 3473, August 5, p. 152. a 

The Rejburg-Schwérstadt hydro-electric power 
tion. (1700 words & fig.) 


1932 
Engineering, No. 3473, August 5, p. 157. 
Lubrication. (1 700 words.) 


1932. : 
Engineering, No, 3473, August 5, p. 161. 

TRAVERS (M. W.). — The thermal balance 0 
prekeaters of large steam generators. (4400 words ¢ 
fig.) 


621. 


Engineering News-Record. (New York. = 
1932 _ 625 13 (43) 
Engineering News-Record, No. 2, July 14, p. 39.0 


BOSTON vehicle tunnel. IT. Design and contra ‘iol 
(1600 words & fig:) ; 


1932 625 .213 (.7% 
Engineering nee! Record, No. 3, July 21, p. 66. 


Articulated spans with tank float form car fe 
landing. (600 words & fig.) 


1932 


Building America’s 
(1 700 words &~ bt es 


1932 


aes concretG-oeaay brid 


Reinforced brickwork. : ot new “construction 
(2.800 words & fig.) 


11932 
meineering News-Record, No. 4, July 28, p. 105. 


CHRISTIE (H. A.), — Boring machine digs wells 
: concrete piers. (1100 words “& fig.) 


11932 625 .13 (.73) 


agineering News-Record, No. 4, July 28, p. 107. 


large> equipment units speed tunnel work. (1700 
ords & fig.) 
1932 624 (.73) 


gigineering News-Record, No. 4, July 28, p. 110. 
LYOUNG (T. P.). — Long continuous girders at Cin- 
hmati terminal. (1 800 words & fig.) 


(Great Western Railway Magazine. (London.) 


1932 656 .222.1 (.42) 
seat Western Railway Magazine, August, p. 99. 


‘ALLEN (C. J. — The Great Western world- eae 
word. (2000 words & tables.) 


Indian Railway Gazette. (Calcutta. ) 


11932 385 .113 
adian Railway Gazette, July, p. 158. 
Modern railway practice and development. — Rail- 


ys and the trade depression. (2 500 words.) 


11932 

dian Railway Gazette, July, p. 160. 
{STRAUSS (F.). — Report on third year of reorgan- 
uation Scheme of the Rumanian State Rys. 
vords.) 


385 .113 (.498) 


‘Journal, Institution of Engineers, Australia. 


(Sydney.) 
‘pe 621-31 (.944) 
ournal, Institution of Engineers, Australia, June, 
_— p- Mi 
-HAUGAARD (F. B.), — Protective apparatus as 


mpplied to the electricity supply system of the Muni- 
3 County of Sydney: (9 600 words & fig.) 


z 


ournal, Institute of Transport. (London.) 


932 385 .587 (.42) 
j rnal, Institute of Transport, July, p- 479. 
“LEMON (E. J. H.). —-Rationalisation on the Lon- 
n Midiand & Scottish Ry. (14 800 words.) | 

1932 . 385. (072 (.42) 
yurnal, Tantieurte of Transport, July, p.. 495. 


HARTLEY (Sir Harold). — Scientific research on 
he London Midland & Scottish Railway. (12 000 


721 1) 


(2300 


— 135 — 


1932 621 .133.1 
Journal Institute of Transport, July, p. 509. 

WHEELER (R. V.)..— Fuel research in relation to 
transport. (12000 words.) 

1932 656 .1 


Journal, Institute of Transport, July, p. 523. 


WYATT (H.). — Public service motor transport. 
Some international comparisons. (17 000 words.) 


Locomotive, Railway Carriage and Wagon Review 
(London. ) 

1932 621 .335 (.494) 
Loc., Ry. Carriage & Wagon Review, July 15, p. 231. 
8800 HP. electric locomotive for the St-Gothard 
line. Swiss Federal Rys. (2000 words & fig.) 


1932 621 .335 (.42) & 621 .43 (.42) 
Loc., Ry Carriage & Wagon Review, July 15, p. 230. 

Armstrong, Withworth 40-ton Diesel-electric shunt- 
ing locomotive. (700 words & fig.) 


1932 621 .132.5 (.438) 
Loe,, Ry. Carriage & Wagon Review, July 15, p. 238. 

« Mountain type express locomotive, Polish State 
Rys. (1500 words & fig.) 


1932 621 .131.2 
Loe., Ry Carriage & Wagon Review, July 15, p. 243. 


PHILLIPSON (A.). — Steam locomotive design 
data and formulae. (3200 words & fig.) 


1932 621 .134.3 (.492) 
Loe., Ry. Carriage & Wagon Review, July 15, p. 248. 


The Meier-Mattern oil pressure valve gear applied to 
locomotives. (3400 words & fig.) 


Mechanical Engineering. (New York.) 


1932 656 
Mechanical Engineering, August, p. 533. 

CAMMEN (L.). — The transportation dilemma. 
(3900 words & fig.) 

1932 : 621 .31 (.71) 


Mechanical Engineering, August, p. 547. 
HOGG (T. H.). — Hydro-electric development in Ca- 
nada. (4600 words & fig.) 


1932 
Mechanical Pevaserae August, p. 557. 
BAILEY (A. D.).— The economics of electrical po- 
wer supply. (2700 words & fig. y 


19322 35S (536 
Mechanical Engineering, August, p. 560. 
KING (W. J.). — The basic laws and data of heat 


621 31 


transmission. (4700 words & fig.) 


1932 


Mechanical Engineering, 


536. (08 
August, p. 581..° — 


A comparison of recent steam tables. (500 words & 


‘1 table.) 5 


Af 


Riise Aten flak ct et 
"4 ] 


. fig.) 


A896 Se & 


Modern Transport. (London.) 


1932 656 .1 (.42) & 656 .2 (.42) 
Modern Transport, No. 697, July 23, p. 3 

DAVIES -(D. H.), — A central board for railways 
and roads. (4400 words.) 

1932 385 .4 (.42) 


Modern Transport, No. 697, July 23, p. 4. 
London Midland & Scottish Railway reorganisation. 
Commercial and operating. (800 words.) 


1932 625 .246 (.42) 
Modern Transport, No. 697, July 28, p. 9. 


Co-ordinated road and rail transport, Milk traffic on 
Southern Railway. (1100 words & fig.) 


1932 621. 132.8 (.44) 
Modern ‘Transport, No. 698, August 6, p. 3. 


« Beyer-Garratt » express passenger locomotives for 
Algerian (P. L. M.) Railways. (1900 words & fig.) 


625. .244 (.493) 


1932 


~Modern Transport, No. 698, August 6, p. 5. 


Refrigerated cars for rail service. (1000 words & 


1932 ; 385 .1 (.43) 
Modern Transport, No. 699, August 6, p. 9. 

German National Railways. Measures, to mitigate 
trade depression. (1 800 words.) 


Railway Age. (New York.) 


1932 625 .1 (.73) 


~ . Railway Age, No. 2, July 9, p. 38. 


Grand Trunk builds four-track high- speed suburban 
line, (2 500 words & fig.) ; 


1932 
’ Railway Age, No. 2, July 9, p. 41. 


625 .26 (.73) 


_ SCHULTZ.(0. A.). — Consolidated car work yields. 
better supply methods, (1 000 be Siok Ss fig.) 


~ 625. 246 Ge ee { 


1932 
_ Raikhway Age, No. 2, July 9, p. 47. 


_ American Railway Association considers adoption of 


all-steel box car. (3300 rete ce & fig.) ~ ; 


Fs Railway Age, No, 3, July 16, p. 78. 


Santa Fe gets most oe oie car aaa built. <' 
(2.300 words & fig.) % 


251932.” 


ay. 


Legere (4000 words & fis 


. 


656. 213 (2) & 725, 32 (73) | 
En Railway Age, No. 3, July 16, p. 84. | 
Pennsylvania builds model livestock building i fe 

) § > 


L% Sy 21932 . es 385 .1 | 
BAST Railway Age, No. 3, ite 16, Peltor wlio | 
4 » DUNN (8S. 0.). — Railways and economic recovery. 
é 6 $00 yee) ot < / ; 
1932. 621 385 i3)e & 621 4B (.73) “lie 


Railway Engineer, August, p. 302. a a 


auto-trucks and tractors, (1700 words & fig.) 


| CROOK (F. C.). 


1932 656 .21 (.73) & 725 3 ca) 
Railway Age, No. 4, July 23, p. 106. 
Better street plan enhances value of Fort Worthy it 
provements. (3300 words & fig.) = | 


1932 ies 656 .222.1 (4 
Railway Age, No. 4, July 23,\ ps0 Lids : 


POULTNEY (E. C.), — Fast running on the @ 
Western in England. (1500 words, tables & fig.) 


1932 \ ; 656 1 
Railway Age, No. 4, July 23, p. 120. 


Economy rules in operation of Baltimore & 
buses, (2200 words & fig.) 


1932 
Railway Age, No. 4, July 23, p. 123. 
Store-door services in the East. (2800 words.) — 


656 1 (7 


Railway Engineer. (London.) 


1982 S02 625 13 ( 
Railway Engineer, August, p. 288. ’ 


Repairs to Irvine viaduct, London Midland &. fs 
tish Ry. (800 words & fig.) 


1932 
Railway Engineer, August, p. 290. 


621 39 & 


? gia a eS hardening furnace. (200 words 

ig) L 
1932 621 132.5 (, 

Railway Engineer, August, p. 291. 9 ~ ae 


New 2-10-2 four-cylinder compound freight lo 
tives, Paris, Lyon & Mediterranean Rys. a 000" Yv 
& fig.) 

1932 625 14 
Railway Engineer, August, p. 297. ee 

Modern rail joints. (3 000 words & fig.) 


1932 625 .258 (.43) & 656 212.5 ( 


Gravity shunting yard at Sse 2 South, Gern m 
(900 words & fig.) ; 
1932 cad 
Railway Engineer, is iets p. - 304, 
Mobile trucks for railway use. 


— VII. The L 


1830 sey hy ess Cae 
Railway Engineer, August, p. 307. = 


As a bandas st one A th works, (6 
19 


= 


1932 we i ve tee 
Railway Engineer, pire 


ace, eee 


Railway Gazette. (London.) 
656 .222.1 (.42) 


I3AKER- (H.).. — The nak earal runs of the L. M. 8S. 
pord- Beating trains. (700 words, 1 table & fig.) 


1932 656 .256.2 (.54) 
ilway Gazette, No. 4, July 22, p..110, 


wock-and-block apparatus for double line working. 
200 works & fig.) 


932 
lilway Gazette, No. 4, July 22, p. 113. 
jthe new « Flying Scotsman >». 


{1932 
hlway Gazette, No. 5, 
Hinancial 
ht way. 


11932 621 132.5 (.44) 
tilway Gazette, No. 5, July 29, p. 135. 

‘A notable French freight locomotive. 
fig.) 

11932 656 .1 (.42) & 656 .2 (.42) 
ilway Gazette, No. 5, July 29, p. 138. 

Road-railer improvements. (700 words & fig.) 


1932 656 .261 (.42) 
hilway Gazette, No. 5, July 29, p. 139. 
. (800 words & fig.) 


656 .222.1 (.4) & 656 .222.5 (.4) 
i.ilway Gazette, No. 6, August 5, p, 161. 
Huropean summer train services. (3 300 words 


625 .232 (.42) 


625 .17 (.73) 
July 29, p. 133. 
justification for well-maintained perma- 
(1000 words.) 


(1200 words 


& 


MStation lighting. (2200 words & fig.) 


1932 621 .132.8 (.44) 
ilway Gazette, No. 6, August 5, p. 169. 


sBeyer-Garratt express passenger locomotive. 
prds & fig.) 
1932 621 .33 (.42) 


}pplement to the Railway Gazette, July 22. - 


The first main line (London-Brighton) electrification 
England. — Introductory. Traffic. Operation. Co- 
ar- light signalling. Rolling stock. Permanent way. 
»nduector rail and structural works, (10000 words & 


Railway Signaling. (Chicago.) 

1932 625 .162 (.73) & 656 .254 (.73) 
way Signaling, July, p, 201. 

cago & Great Western completes important in- 

tion of highway signals and all-relay interlockers. 

0 words & fig.) ° 

| 656 .254 (.73) 


simplified remote- contre duterlocking on the Mis- 
a EES oe 700 words & fig.) 


(1200 words & fig.) | 


656 .215- 


(1 100 | 


Railway Signaling, 


| earriles 


— 137 — 


1932 656 .257 (.73) 
Railway Signaling, July, p. 209. 

ZANE (W. F.). — Automatic interlocking, (2 400 
words & 1 table.) 

1932 625 .258 (.73) 
Railway Signaling, July, p. 211. 


Retarders in Richmond, Fredericksburg & Potomac 
Railroad, Potomac yard. (1200 words, 1 table & fig.) 


1932 656 .257 (.54) 


July, p. 213. 


BENNETT (W. R.). — Power signaling in India. 
(2.800 words & fig.) 
1932 656 .254 (.73) 


Railway Signaling, 
Interchangeability tests 
train control equipment. 


July, p. 217. 
of composite automatic 
(600 words & fig.) 


In Spanish, 


Anales de la Asociacion de Ingenieros 
del J. C. A. I. (Madrid.) 


1932 621 .33 (.460) 
Anales de la Asociacion de Ingenieros del I. C. A. IL, 
julio, p. 396, 
PONTECORVO (L.). 
Vascongados. 

tinuacion, ) 


— Electrificacién de los Ferro- 
(5600 palabras & fig.) (Con- 


Ingenieria y Construccion. (Madrid.) 
1932 656 1 & 656 .2 


Ingenieria y Construccion, agosto, p. 417. 


Medios que en los ferrocarriles se proyectan 0 em- 
plean para contrarrestar la competencia o encauzar 
el trafieco, (5500 palabras & fig.) 


1932 656 .1 & 656 .2 
Ingenieria y Construccion, agosto, p. 437. 
EI automévil y el ferrocarril. (2 600 palabras & fig.) 


Revista de Obras Publicas. (Madrid.) 
1932 ae 62. (01 


Revista de Obras Publicas, n° 15, 1° de agosto, p. 353. 
CASADO (C. F.). — Fotoelasticimetria, (2.000 pala- 
bras & fig.) 


1932 


656 A& 656.2 


' Revista de Obras Ptblicas, n° 15, 1° de agosto, p. 361. 


DIZ TIRADO (P.). — Carreteras y ferrocarriles. 


(1 300 palabras & fig.) 


1932 656 .1 & 656 2 


- Revista de Obras Ptiblicas, n° 16, 15 de agosto, p. 381. 


ARANGO (L. R.). — La carretera y el ferrocarril. 
(3500 palabras & fig.) 


(1932 (Paley: 
Revista de Obras Ptiblicas, n° 16, 15 de agosto, p. 396. 
RIBERA (J. E.). — Nuevo-tipo de muro en des- 


plome. (1200 palabras & fig.) 


aa 


ny hates Pie Ss 4 
ca Se tf A ae kel 
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Sa 
i Cee 
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Ce Fe aa ee Maga. OS 
1932 625 13. 
In Italian, Spoor- en Tramwegen, 1° 3, 2 Augustus, p. 69. 
JACOPS (A.). — Spoorvernieuwing in den 


Rivista tecnica delle ferrovie italiane. (Roma.) van ’s-Graven-Brakel (Belgié), (3 200 woorden.) ” 


1932 385. (01 1932 625 .111 (.49 
Rivista tecnica delle ferrovie italiane, n° 1, 15 luglio, | Spcor- en Tramwegen, n° 4, 16 Augustus, p. 83, 
his, p. 1. }}o spoorwegplannen te Rotterdam. (2700 woord 
re TONETTI (C.). — I trasporti coloniali. Coordina- | & fig.) 
2 4 mento e ferrovie. (9 800 parole.) ——- ; 
Pastis * 1932 621 337 (.45) | 2982 = | 2 621 .43 (, 
fe Rivista tecnica delle ferrovie italiane, n° 1, 15 luglio, | Speor- en Tramwegen, n° 4, 16 Augustus, p. 90. — 
ise p20: ARTHURTON (A. W.). — Proeven met 2 
“ae ' PACETTI (G.). — Comando a distanza nella tra- electrische tractie in Engeland. (2800 woorden & f 
3 zione elettrica. (4600 parole & fig..) 
are 1932 625 .5 ln Portuguese. 
Rivista tecnica delle ferrovie italiane, n° 1, 15 luglio, =. 
p. 82. : aE 
FERRETTI (P.), — Il comportamento delle funi | | Gazeta dos caminhos de ferro. (Lisboa.) 
a = sollecitate a oe (7 000 parole oF 1932 385. (09 ( 


: Gazeta dos caminhos de ferro, n® 1071, 1 de A 

a p. 355. aes i 
In Dutch. _GALVAO (L.). — O Caminho de ferro da Rhode 

: a Walfish-Bay. (2400 palavras & fig.) (Continua, 

e t 


Spoor- en Tramwegen. (Utrecht. 
SY “qui 1932 625 
1932 656 .211 (.45) | Gazeta dos ecaminhos de — n° 1071, 1 de Age 
Pads en Tramwegen, n° 3, 2 Augustus, p- 61. ; _ p. 364, 
_. SCHELLING (H. G. J.). — Het nieuwe station te GALO (J.). — Tracado de curvas de caminhos 
‘Milaan, (2 400 woorden & fig.) ferro, (300 palavras & Hg:) 
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i { 016 .385. (02 ] 


LUREAU INTERNATIONAL DU TRAVAIL. 

| Lannée sociale 1930. 

'Genéve, Bureau International du Travail. Un volume, 
“9 pages et tableaux. (Prix : 12.50 francs suisses.) 


1932 33. (06 
JUREAU INTERNATIONAL DU TRAVAIL. 

| L’année sociale 1931. 
' Genéve, Bureau International du Travail. Un volume, 
54 pages, tableaux et graphiques. (Prix : 12.50 francs 
misses.) 

1932 : 33. (06 
WREAU INTERNATIONAL DU TRAVAIL. 

La seiziéme Session de la Conférence Internationale 
mu Travail, 


Genéve, Bureau International du Travail. Une bro-| 


ware, 53 pages. (Prix : 1 france suisse.) 


1932 656 .26 
‘AIL (F.), Docteur en droit. 

Des opérations accessoires des compagnies de che- 
uins de fer. 

Paris, Marcel Riviére, 31, rue Jacob. Un volume, 152 
ages. (Prix : 20 francs frangais.) 


1931 656 


MUPUIS (G. D.). 

Le rail et Vaile. 

Paris (5°), F. L. Vivien, Librairie des sciences aéro- 
ae 
1932 721 3 
LEBEAU (0.), Professeur. 

Méthode de calcul graphique des fermes solidaires des 
onnes, : 

harleroi, Association des ingénieurs techniciens. 
ix : 12.50 francs belges.) 


, 1509). * 


(NOVEMBER 1932) 


I. — BOOKS. 
i 1932 665 .882 
in French. Recueils de la Soudure autogéne. 
Le Sree ee Se es ae eae aee SERIE oa es I : Construction des conduites ; Tome II : 
1921 i 33. (06 onstruction des appareils et récipients. 


Genéve, Comité technique international du carbure et 
de la soudure. Deux volumes, 82 et 80 pages en fran- 
cais, allemand, anglais, espagnol et italien. 


In German. 


1932 625 .216 
BOTTCHER (K.). 

Versuche tuber die Spannungsverteilung im Zughaken. 

Berlin, V D I-Verlag. 1 Band, 20 Seiten, 24 Abbildun- 
gen und 5 Zahlentafeln. (Preis : 5 R.M.) 


1932 621 133.1 
DOLCH. 

Die Untersuchung der Brennstoffe und ihre rech- 
nerische Auswertung. 

Halle A. S. Wilhelm Knapp. 1 Band, 236 Seiten und 
33 Abbildungen. (Preis ; 19.80 R.M.) 


1932 669 
FLEISCHMANN (E.). 
Lagerweissmetalle und ihre Priifung. 


Miinchen & Leipzig, Fritz & Joseph Voglrieder. 1 Band, 
89 Seiten und 29 Abbildungen. (Preis : 4.50 R.M.) 


1932 Pp 624 .63 
GEHLER (W.). : 

Handbuch fiir Eisenbetonbau. 

Berlin, Wilhelm Ernst & Sohn. Band 6, Lrg 3-6 : 
Balkenbrticken, (Preis : 41 R.M.). 
1932 — 625 .17 
Gleispflege und Oberbauwirtschaft. . 


Berlin, Verlag der Verkehrswissenschaftlichen Lehr- 
mittel-Gesellschaft m: b. H. bei der Deutschen Reichs- 
bahn. 1 Band, 139 Seiten, 26 Abbildungen. (Preis : 1.80 
R.M.) 


(1) The numbers placed over the title of each book are those of the decimal classification proposed by the Railway Congress = 
njointly with the Office Bibliographique International, of Brussels. (See « Bibliographical Decimal Classification as applied to 
ailway Science », by L. Wetssensrucs, in the number for November, 


1897, of the Bulletin of the International Railway Congress, 


— 140 — 


1932 665 .882 
INTERNATIONALE BERATUNGSSTELLE FUR KAR- 
BID UND SCHWEISSTECHNIK. 
Sammelwerk der Autogen-Schweissung. 


Halle A. S., Carl Marhold in Kommission. Band I : 


Rohrleitungsbau. Band II : Apparate- und Behiilterbau, 
83 und 80 Seiten. (Preis : je 6 R.M.) 

1932 669 
MEYER (H.). 


Vergiitungsuntersuchungen an der Zink-Aluminium- 
Legierung von der Zusammensetzung Al, Zn,. 

Miinechen und Leipzig, Fritz & Joseph Voglrieder. 1 
Band, 50 Seiten, 37 Abbildungen. (Preis : 3 RM.) 


1932 691 & 721 9 
MORSCH (E.). 

Bemessungstafeln fiir das Entwerfen von Eisenbeton- 
bauten nach den Bestimmungen des Deutschen Aus- 
schusses ftir Eisenbeton vom Jahre 1932. 


Leipzig, Leopold Voss & Briissel, Falk, Fils, rue des 
Paroissiens, 22, 3., 


16 Seiten mit Abbildungen und 47 Tafeln. (Preis 
12 RM.). 
1932 656 .212.5 
Rangiertechnik, 


Leipzig, Leopold Voss & Briissel, Falk, Fils, rue des 


p arorssiens, 22. 1 Band, 48 Seiten mit Abbildungen. 
(Preis : 5 R.M.). 
1932 669 


SOMMER (P.). 
'Prifung von Leichtkolben-Baustoffen. 


Miinchen und Leipzig, Fritz & Joseph Voglrieder. 
Band, 47 Seiten und 30 Abbildungen, (Preis : 3 AL) 


In English. 


1931 385. (08 (.52) 
DEPARTMENT OF RAILWAYS. GOVERNMENT OF 
JAPAN. 


Annual report for the year ending March 31st 1931. 


Tokyo, Printed at the Tokyo Tsukiji Foundry Ltd. 
> ee 284 pages and a map. 


1932 ais (08 (.67) 
GOLD COAST RAILWAY AND HARBOU 


Administration reports for the year stag 
: Sekondi (Gold Coast), 100 pages. 


1932 
MONYPENNY (J. H. G.). 
Stainless iron and steel, 
London, Chapman and Hall, Ltd, (Price 


669 .1 


: 25 sh. net.) 


erweiterte und verbesserte Auflage, © 


1932 656 .23 (06 ( 
RAILWAY ASSESSMENT AUTHORITY. 
Annual report for the year ended March 31, 1932. 


London, W. C., H. M. Stationery Office, Adast)/ 
House, 16 pages. (Price : 3 d.) 


1932 Ned | 
Symposium on malleable iron castings. ' 
Published jointly by the American Society for Testi id) 
Materials, 1315, Spruce Street ; Philadelphia, Pa., aj 
the American Foundrymen’s ‘Association, 222, Wy 


Adams Street, Chicago (9 XX 6 inches), 1382 
paper bound. (Price : 75 cents.) ; 
1932 621 13: 
WIENER (Lionel), professor at the Universe il 
Brussels. S 


Articulated locomotives. s 

New York, Published by Richard R. Smith, B 
(9 X 5 1/2 inches), 628 pages, bound in cloth “ 
$ 10.00). 


In Spanish. 


1932 
DE LA TORRE (E.). + 
Anuario de Ferrocarriles y Tranvias. Aio XXXVI® 
1931-1932. ; 
Madrid, Enrique de la Torre, San Vicente Alta i 
ab volumen (16 X 21 em,), 408 paginas y un mapa.” 


(Precio : 7 pesetas.) 
1932 385. 
DIAZ (A. I1.). 


El Consultor Ferroviario. 


Madrid, Revista « Caminos de Hierro », Marqués <¢ 
Cubas, 10,1. volumen (15 X 21 em.), 500 paginas. 
cio : 12.50 pesetas.) 


1932 ~ 656 .1 (.42) & 656 .2 (. 

La coordinacion del automovil con el ferrocarril. 

Madrid, Union Econémica. 1 folleto (16 X 22 em.) 
paginas. (Precio : 2 pesetas.) 


1932 624 & 721 
SALIGER (R.). 
Estatica aplicada. Calculo de estructuras aplicaé 

las construcciones elevadas y al hormigén armado. 
Madrid, Barcelona, Buenos Aires, Labor, S. A, 1 

lumen (16 X 23 em.), 796 paginas y 650 figuras. q 

cio : 44 POnetas 4 


016 .385. (05 ] 


in French. 


Annales des Mines. (Paris.) 
1932 
males des Mines, juin, p. 534, 


Bulletin des accidents d’appareils 4 vapeur survenus 
mdant l'année 1930. (4500 mots.) 


621 .118 


Arts et Métiers. (Paris.) 
}1932 
-ts et Métiers, aofit, p. 281. 
MARCOTTE (E.). — Un bon béton. (6000 mots & 


hoey 


691 


Bulletin des transports internationaux 
par chemins de fer. (Berne.) 


1932 313 .385 (.492) 
hil. des transp. intern. par ch. de fer, aoftit, p. 442. 
Statistique des chemins de fer néerlandais pour l’an- 
’e 1931. (1500 mots.) 


mlletin technique de la Suisse romande. (Vevey.) 
1932 625 .245 & 656 .225 


ll. techn, de la Suisse romande, no 18, 3 Septembre, 
p. 219. 


'WAETJEN (C. H.). — Emploi des « containers » 
ur transports combinés par rail et par route. (800 
wots & fig.) 


Chronique des transports. (Paris.) 


1932 385 .1 (.43) 
‘hronique des transports, n° 16, 25 aotit, p. 2. 
Les chemins de fer allemands en 1931. (2500 mots.) 


1932 - 385 .1 (.42) 
‘hronique des transports, n° 17, 10 septembre, p. 3. 


Les quatre grandes Compagnies de chemins de fer 
ritanniques en 1931. (1 400 mots.) 


Génie civil. (Paris.) 


_ 

4 

| 

| . 621 .335 (.44) 
énie Civil, n° 2611, 27“aoftt, p. 197 ; no 2612, 3 septem- 
pre, p. 226; no 2613, 10 septembre, p. 248. 
COQUET (H.). — La traction électrique sur les Che 
1ins de fer du Midi. Locomotives B-B, séries E 4101 et 
14601. (19200 mots & fig.) (A suivre.) 
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I]. — PERIODICALS. 


1932 62. (01 
Génie Civil, n° 2611, 27 aofit, p. 205. 
ROY (L.). — De la ligne élastique aux formules fon- 


damentales de la résistance des matériaux. (5 000 mots 
& fig.) 


1932 62. (01 & 721 1 
Génie Civil, no 2612, 3 septembre, p. 230. 

CAUFOURIER (P.). — La poussée des terres et le 
calcul des murs de souténement. Calculs et expériences 
de M. C, F. Jenkin. (4700 mots & fig.) 


1932 69 
Génie Civil, n° 2612, 3 septembre, p. 238. 

Le controle de la sécurité dans les constructions. 
(1900 mots.) 


1932 
Génie Civil, no 2614, 17 septembre, p. 277. 
BRILLIE (H.). — Les roulements sur films d’huile. 
Recherches expérimentales faites au Laboratoire de 
technologie de Manchester par R. O. Boswall. (4 600 
mots & fig.) (A suivre.) 


621 .89 


L’Allégement dans les Transports, (Lucerne.) 
1932 625 .235 


L’allégement dans les Transports, juillet-aoat, p. 46. 

D’AUVIGNY (H.). — L’emploi des alliages légers 
dans la construction du matériel roulant, (3700 mots 
& fig.) 


La Science et la Vie. (Paris.) 


1932 
La Science et la Vie, septembre, p. 203. 
CHENEVIER (R.). — La route contre le rail. (5 200. 
mots & fig.) 


1932 
La Science et la Vie, septembre, p. 229. 
MARIVAL (J.). — Le plus long tunnel du monde a 
deux voies vient d’étre achevé en Italie. (2900 mots & 
fig.) 


656 .1 


625 13 (.45) 


L’Equipement Rural. (Paris.) 


1932 621 .43 (.44) 
L’équipement rural, juillet, p. 55. 

MENETRIER (A.). — Les autorails de la Compagnie 
des chemins de fer du Midi frangais. (2 700 mots & fig.) 


Les Chemins de fer et les Tramways. (Paris.) 
1932 621 .132.8 & 621 .43 


Les Chemins de fer et les Tramways, septembre, p. 147. 


SPIESS (E.). — Locomotives 4 combustion interne. 
(10000 mots & fig.) ; 


mots & 
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1932 625 .212 
Les Chemins de fer et les Tramways, septembre, p. 154. 

MERCOYROL (A.). — Graisseur pour boudins de 
roues de véhicules circulant sur rails & orniére ou au- 
tres plus spécialement pour les véhicules des tramways, 
(2900 mots & fig.) 


1932 656 .254 
Les Chemins de fer et les Tramways, septembre, p. 158. 

Dispositif d’actionnement d’un porte-pétard électrique 
de voie unique. (1100 mots & fig.) 


L’Industrie des voies ferrées et des transports 
automobiles. ( Paris.) 


1932 625 .62 (06 

L’Ind. des voies ferrées et des transp. autom., aott, 
p. 221. 

BORDAS (F.). — 23° Congrés International de Tram- 
ways, de Chemins de fer d’intérét local et de Trans- 
ports publics automobiles. (La Haye, 26 juin-4 juillet 
1932.) (8000 mots & fig.) 


Revue générale des chemins de fer. (Paris.) 
1932 621 .132.3 (.44) 


Revue générale des chemins de fer, septembre, p. 187. 

PARMANTIER (A.). — La locomotive 241.C-1 4 
grande vitesse (type 2-4-1) de la Compagnie des Che- 
mins de fer de Paris 4 Lyon et & la Méditerranée. 
(7500 mots & fig.) = 


1932 385 .113 (.44) 
Revue générale des chemins de fer, septembre, p. 216. 


Les résultats de l’exploitation des cing grandes com- 
pagnies de chemins de fer en 1931. 
diagr.) 


1932 385 .113 (.42) 
Revue générale des chemins de fer, septembre, p. 261, 


Les résultats d’exploitation des chemins de fer bri- 
tanniques en 1930 et 1931. (6100 mots.) 


1932 621 .134.2 (.44) 
Revue générale des chemins de fer, septembre, p. 273. 
- Tiroir cylindrique de distribution 4 double admission 
et double échappement, syst@me « Willoteaux » de la 
Pag eed du Chemin de fer de Paris 4 Orléans. (1300 
ig.) 


1932 385 (.6) 
_ Revue générale des chemins de fer, septembre, p. 278. 


Le Transcontinental Sud-Nord africain, (700 mots & 
carte.) 
. r 


Revue politique et parlementaire. (Paris.) 


1932 385 .1 (.44) & 621 .33 (.44) 


Revue politique et parlementaire, 10 septembre, p. 465. 
BOURGOIN. 
a ais # ‘leur déficit financier. (6000 mots.) 


(10000 mots & | des Verwaltungsrats. 


Maschinenfabrik der Staatsei 


— TLfélectrification des réseaux fran- 
| Wien, IV. Teil. (3 800 Water 3 ey 


In German. 


Archiv fiir Eisenbahnwesen. (Berlin.) — i 
1932 385 13 ki : 


Archiv fiir Eisenbahnwesen, Juli-August, 8. 54, 

GENEST. — Die 6ffentlichen Abgaben (Steue 
biihren und Beitriige) der Deutschen Reichsbahn- 
schaft. (14 800 Worter.) 


a 
1932 656 .1 (.73) & 656 .2 ( 
Archiv fiir Eisenbahnwesen, Juli-August, S. 881. 
MERKERT (E.). Die Schlussfolgerungen des I] 
desverkehrsamts der Vereinigten Staaten von 
iiber den Eisenbahn- und Kraftwagenverkehr. 
Worter.) 


4 


1932 “a 
Archiy fiir Eisenbahnwesen, Juli- ain oree S. 891.5 
LEHNER (F.). — Die Linienfiihrung innerstiidtisel 
Verkehrsmittel. (5 300 Wérter, 1 Tafel & Abb.) (1 
setzung folgt.) , 
1932 656 
Archiv fiir Eisenbahnwesen, Juli-August, S. 917. 
GIESE (K.). — Der Hafenbahnvertrag in Theorie 
Praxis. Zur Frage der Organisation des Hafenbah 
triebs. (18600 Worter & Abb.) (Schluss.) : 


1932 * 385 .113 (4 
Archiv fiir Eisenbahnwesen, Juli-August, S. 999. 

VON RENESSE. — Die nationale Gesellschaft 
belgischen Eisenbahnen im vierten Geschiiftsjahr a 
nuar bis 31. Dezember 1930), dargestellt auf - 
des Geschiftsberichts der Gesellschaft und des Ber 
(5300 Wiorter.) (Schluss.) 


1932 385 .113 
Archiv fiir Eisenbahnwesen, Juli-August, S. 1021, 

Die Eisenbahnen der tschechoslowakischen Repu 
in den Jahren 1929 und 1930. (6100 Worter)e 


1932 385 .113 ( 
Archiv fiir Hisenbahnwesen, Juli-August, 8, 1043. 

NITSCHKE. — Die Schweizerischen Bundesba al 
im Jahr 1930. (1500 Wéorter.) ~ 


~ 


1932 313 385 ( 
Archiv fiir Eisenbahnwesen, Juli-August, 8. 1050. 


Die Eisenbahnen Irlands 1929 und 1930. (3000. 
ter.) 


Die Ee aS (Wien). 


1932 621 asa 
Die Lokomotive, September, 8. 159. 


STEFFAN, — Die letzten Lokomotive 
senbahngese 


Elektrische Bahnen. (Berlin.): 


932 625 .234 (.433) 
<trische Bahnen, Heft 8, August, S. 178. 


AUCH (A.). — Elektrische Zugvorheizanlage im 
ptbahnhof Miinchen. (3 300 Wérter & Abb.) 


1932 621 .33 (.73) 
ixtrische Bahnen, Heft 8, August, S. 181. 

TRIGHT (G. I.). — Der elektrische Zugbetrieb der 
ding Company auf den Vorortbahnen von Philadel- 
1. (1500 Wéorter & Abb.) 


932 625 .4 (.431) & 621 .332 (.431) 
ixtrische Bahnen, Heft 8, August, S. 192. 
KINRICH (R.). — Die Stromversorgungsanlagen 
i die Nebenbetriebe in den Unterwerken der Berliner 
hn. (2400 Worter & Abb.) 


Glasers Annalen. (Berlin.) 


932 621 91 & 621 138.5 
sers Annalen, Heft 3, 1. August, S. 19. 


[UTER. — Das Schleifen der Lokomotiv-Rahmen- 
wchnitte auf der stationiiren Schmaltz’schen Rahmen- 
kenschleifmaschine. (2900 Wérter & Abb.) 


932 625 .23 (0 
ssers Annalen, Heft 3, 1. August, S. 23. 

Wless- und Wiegevorrichtung fiir Drehgestell-Wagen- 
ten. (1700 Worter & Abb.) 


1932 625 .216 
sers Annalen, Heft 4, 15. August, S. 32. 

JORENZ (R.). — Ein neues Ubergangsverfahren und 
ne Bedeutung fiir die europilische Kupplungsfrage. 
500 Worter & Abb.) 


rein fiir die Fortschritte des Eisenbahnwesens. 
(Berlin.) 


1932 388 (43) & 656 .22 (.43) 

van fiir die Fortschritte des Eisenbahnwesens, Heft 
‘17, 1. September, S. 319. 

MULLER (W.). — Netztafeln fiir die Untersuchung 

3 Betriebes der Berliner Stadtbahn. (6 300 Worter & 

*b.) 

11932 625 14 & 625 142.4 

gan fiir die Fortschritte des Eisenbahnwesens, Heft 
17, 1. September, S. 329. 

NEMESEK (J.). — Das Langschienengleis auf Hisen- 

tonschwellen. (2900 Worter & Abb.) 


BY 656 .254 
n fiir die Fortschritte des Eisenbahnwesens, Heft 
17, 1. September, 8. 333 
GANTZ (H.). — Schrankenbeleuchtung durch Schein- 
fer. (600 Wérter & Abb.) 


By4 625 .215 

‘van fiir die Fortschritte des Eisenbahnwesens, Heft 
18, 15. September, S. 337. 

EUMANN. — Bogenlauf vierachsiger Eisenbahn- 

yen, (5. 700 Worter % Abb.) (Schluss folgt.) 


=a Ase 4 


1932 621 133.3 

Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
18, 15. September, 8S. 345. 

RITTER (P.). — Einfluss der freien Rohrdurchgangs- 


fliche auf die Leistung des Lokomotivkessels. (1 800 
Worter & Abb.) 


1932 625 .216 
Organ fiir die Fortschritte des Eisenbahnwesens, Heft 
18, 15, September, S. 348. 
HALFMANN. — Neuere Pufferfedern fiir Fahrzeuge 
der Deutschen Reichsbahn-Gesellschaft. (700 Wéorter & 
Abb.) 


1932 621 .133.1 
Organ fiir die Fortschritte des Hisenbahnwesens, Heft 
18, 15. September, S. 352. . 


Kohlenstaublokomotive. (400 Wérter & Abb.) 


Zeitschrift des Vereines Deutscher Ingenieure. 


(Berlin.) 
1932 624 .32 (.497.1) 
Zeitschr. des Ver. deutsch. Ing., Nr. 35, 27. August, . 
S. 836, 
JOOSTEN. — Der Bau der Donaubriicke bei Bel- 
grad. (2500 Worter & Abb.) 
1932 62. (01 & 721 9 


Zeitschr. des Ver. deutsch. Ing., Nr. 38, 17. September, 
S. 901. 


HARRY GOTTFELDT. — Querschnitt und Umriss. — 
Stahlbau. (6500 Worter & Abb.) 


1932 23 621 .87 (.431) 


--Zeitschr, des Ver. deutsch. Ing., Nr. 38, 17. September, 


S. 908 


WUNDRAM (0.). — Neuartige Doppelwippkrane im ~ 


Hamburger Hafen. (2200 Worter & Abb.) 


1932 669 
Zeitschr. des Ver. deutsch. Ing., Nr. 38, 17. September, 
S. 915. 


THUM (A.) & OCHS (H.). — Die Bekémpfung der 
Korrosionsermiidung durch Druckvorspannung, (1 400 
Worter & Abb.) 


Zeitung des Vereins deutscher Eisenbahn- 
verwaltungen. (Berlin.) 


1932 656 .259 
Zeitung des Vereins deutsch. Eisenbahnverw., Nr. 34, 
25 August, 8. 724. 


SCHMIDT (A.). — Radaufhalter, ein neues Rangier- 


hilfsmittel, (2400 Wérter & Abb.) 
1932 625 .143.4 


Zeitung des Vereins deutsch. Eisenbahnverw., Nr. 35, 
ike “September, S. 749. 
SALLER. — Zur Beseitigung der Schienenstossfrage. 
(900 Wéorter & Abb.) 
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1932 
Zeitung des Vereins deutsch. 
8. ‘September, S. 757, 
DUESBERG. — Zur Psychologie der Eisenbahnwer- 
bung. (1900 \Worter.) 


656 .1 & 656 .2 


Eisenbahnverw., Nr. 36, 


1932 385. (07 (.43) & 625 .245 (.43) 


Zeitung des Vereins deutsch, Hisenbahnverw., Nr. 37, 
15. September, S. 779. 


SCHR ODER. — Die Unterrichtswagen der Deutschen 


Reichsbahn, (3300 Worter & Abb.) 
in English. 
Engineer. (London.) 
1932 621 .33 
Engineer, No. 3996, August 12, p. 152; No. 3997, Au- 


gust 19, p. 173. 


WATSON (H.). — The economics of urban electric 


railways. New surface railways, (3500 words & ta- 
bles.) 

1932 621 .13 (.093) 
Engineer, No. 3996, August 12, p. 154. 


DENDY MARSHALL (C. F,). — Links in the history 
of the locomotive. (2200 words & fig.) 


1932 
Engineer, No. 3996, August 12, p. 165. 


New coaling plant for the London & North Eastern 
_ Railway, Hull. (900 words.) 


621 .138.2 (.42) 


1932 
Engineer, No, 3997, August 19, p. 174; 
gust 26, p. 201. 


The Iron bridge power station. (7 300 words & fig.) 


621 31 (.42) 
No. 3998, Au- 


1932 656 1 (.42) & 656 .2 (.42) 
Engineer, No. 3997, August 19, p. 178. 

Rail and road transport. (7000 words.) 

1932 aus : 621. 14 


_ Engineer, No. 3997, August 19, p. 189. 


_ The one-man « Sentinel » steam wagon, (400 words 
& fig.) 


1932 
Engineer, No. 3997, August, 19, p. 192, 


GRAHAM (H. W.). — A modern conception of steel, 
(5000 words.) 


669 1 


1932 621 116 & 621 392 
Engineer, No. 3998, August 26, p, 214, 


Electrically-welded boiler steam drums. 


‘ } (500 words 
' & fig.) 


1932, 656 .212.6 (.42) 
Engineer, No. 3999, September 2, p. 229, 


pBhin Coates plant at Dover, (3 300 words & fig.) 


1932 625 |)” 


Engineer, 
Springs for rolling stock, 


No. 3999, September 2, p. 233. 
(2 400 words.) 


1932 
Engineer, 
Safety on tube railways. 


625 4 & 656 
No. 3999, September 2, p. 239. 
(700 words.) 


1932 
Engineer, No. 
Bangkok bridge. 


3999, September 2, p. 248. 
(3 300 words & fig.) 


Engineering. (London.) 
1932 
Engineering, No. 3476, 


The pomp-enders short-time creep test. 
& 6 tables.) 


August 26, p. 282. 


(3 000 w 


1932 
Engineering, No. 3476, August 26, p. 237, 


Vertical-lift bridges over the Hackensack River, } 
Y., U. S. A. (1500 words & fig.) 


1932 
Engineering, No. 3476, August 26, p. 242, 
5-ton steam-travelling crane. (2200 words & fig.) | 


a 
. 


1932 347 .763 (.42) & 656 1 (42 


Engineering, No. 3476, August 26, p. 247. ‘ 
The control of road transport. (3300 words.) 


1932 
Engineering, No. 3476, August 26, p. 259. 
Direct-comparison contour projections, (1 
fig.) 


000 words é 


1932 
Engineering, No. 5477, September 2, p. 276. 
Bridgework. (2 800 words.) 


"1982 62. (01 & 669 
Engineering, No. 3477, September 2, p. 280. 

LEA (F. C.). — The strength of materials as a 
fected by discontinuities and surface conditions. (1 601 
words & fig,) 


1932 
Engineering, No, 3477, September 2, p. 285, 
The Firth hardometer, (600 words.) 


: 62. « 


1932 j 
Engineering, No. 3478, September 9, p. 290. 3 

DAVIES (S. J.). — The Michel nigh speed oil eng 
and its performance. (4 800 words & fig.) ‘ 


621 


1932. 4 
Engineering, No, 3478, September 9, p. 307. -- 
‘The Barking- Upminster electrification. (2 200. 


Engineering News-Record. (New York.) 


}1932 55 & 721 .1 | 
agineering News-Record, No. 6, August 11, p. 158. 
‘'TERZAGHI (K.). — Soil-loading test practice in | 
irope. (1600 words.) | 
{ 
1932 5D & 721 .1 | 
gineering News-Record, No. 6, August 11, p. 159. 
ICASAGRANDIE (A.). — Compressibility of clay in- 
gased. (1700 words.) 
1932 do & 721 1 


ggineering News-Record, No. 6, August 11, p. 161. 
ISTEPHENSON (H. K.) & FEINGOLD (Ef. B.). 
undation soil overloading shown by penetration test. 
2200 words & fig.) 


The Locomotive, Railway Carriage 
and Wagon Review. (London ) 


1 1932 621 132.5 (.44) 

me Loe. Ry. Carr. & Wagon- Review, September 15, 
p. 305. 

Four-cylinder compound freight locomotive, P. L. M. 

ys. (1700 words & fig.) 


| 1932 621 132.1 (.437) 
ne Loc. Ry. Carr. & Wagon Review, September 15, 
p. 310. 


Modern locomotives of the Czechoslovakian State 
Ss. (1700 words & fig.) 


1932 621 .131.2 
ne Loc. Ry. Carr. & Wagon Review, September 15, 

p.. 320. = 
| PHILLIPSON (HB. A.). — Steam locomotive design : 
ata and formule. (2000 words & fig.) 


1932 656 .211.4 (.44) 
he Loe. Ry. Carr. & Wagon Review, September 15, 


p. 327. 
‘The Paris terminus of the Eastern Railway of 
wance, (1900 words & fig.) 


1932 621 .335 
he Loe. Ry. Carr. & Wagon Review, September 15, 
 —p. 332, : 
| Electric locomotive design : V. (900 words, 2 tables 

fig.) 

Mechanical Engineering. (New York.) 
q 


1932 691 
peehanien Nngineering, September, p. 618. 

PERRY (Th. D.). — Plywood : a product of unusual 
sibilities. (2700 words & fig.) 


; 621 .31 (.73) 
lechanical Engineering, September, p. 635. 

HHRISTIE (A. G.). — Central-station plant and 
formance. (3000 words & fig.) _ 
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1932 62. (01 
Mechanical Hngineering, September, p. 647. 
FIRESTONE (F. A.). — Inspection of surfaces for 


minute defects. (700 words & fig.) 


Modern Transport. (London.) 
1932 656 .1 (.42) & 656 .2 (.42) 
Modern Transport, No. 701, August 20, p. 2. 
A logical report (rail and road). (1 100 words.) 


1932 621 131.3 (.48) 
Modern Transport, No. 701, August 20, p. 3. 

GUNTHER (K.) & SOLVEEN, — Testing equipment 
for locomotives. (1600 words & fig.) 


1932 656 .1 (.42) & 656 .2 (.42) 
Modern Transport, No. 701, August 20, p. 5. 

Rail and road representative present unanimous re- 
port. (3600 words.) 

1932 
Modern Transport, No. 701, August 20, p. 6. 

New heavy-oil engine. (1100 words & fig.) 


621 .43 


1932 625 144.4 (.42) 
Modern Transport, No. 701, August 20, p. 7. 

Mechanical relaying of permanent way. (1100 words 
& fig.) 


1932 656 .1 (.42) 
Modern Trausport, No. 701, August 20, p. 8. 

Conflicting views on Salter report (rail and road). 
(1 100 words). 


| 1932 656 .1 (.42) & 656 .2 (.42) 
Modern Transport, No. 702, August 27, p. 3. 

GRIFFITH-BOSCAWEN (Sir A.). — The conference 
and the Royal Commission (rail and road). (1 600 
words.) 


1932 656 .253 (.42) 
‘Modern Transport, No. 702, August 27, p. 5. 
' Speed signalling on the London Midland & Scottish 
Ry. (4000 words & fig.) — 


1932 621 .132.8 (.498) 
Modern Transport, No. 703, September 3, p. 3. ; 

British-built railcars for Rumania, (1600 words & 
fig.) 


1932 656 .222.5 
Modern Transport, No, 703, September 3, p. 5. 

Railways need frequent services. The case for the 
<rail-bus. (2 300 words.) ; 


1932 621 .132.5 (.47) 
Medern Transport, No. 703, September 3, p. 7. 
Freight locomotives for Russia. — Seven coupled 


| axles, (600 words, 1 table & fig.) 
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1932 621 .33 (.42) 
Modern Transport, No, 704, September 10, p. 5. 
Electrification on the London Midland & Scottish 


Railway. (2400 words & fig.) 


1932 621 13 (0 
Modern Transport, No. 704, September 10, p. 6, 
TRITTON (Sir Seymour B.), — Railway traction by 


steam power. (1900 words.) 


1932 656 .23 (0 (.42) 
Modern Transport, No. 704, September 10, p. 7. 
Problem of passenger fares. (12 000 words & tables.) 


1932 656 .253 (.42) 
Modern Transport, No. 704, September 10, p. 10. 


Signalling development on the Metropolitan Rail- 
way. New installation at Wembley Park. (2500 words 
& fig.) 


Proceedings, American Society of Civil Engineers 
(New York.) 


1932 ~o 624 .51-(.73) 
Proc., Amer. Soc. of Civil Eng., August, p. 969.. 

AMMANN (0. H.). — George Washington bridge : 
general conception and development of design. (21 000 
words & fig.) 


1932 625 .13 (.73) 
Proc., Amer. Soc. of Civil Eng., August, p. 1067. 


SINGSTAD (0.), 0’ ROURKE (J. F.) & HATCH 
(H. H.). — Fulton Street, East River tunnels, New 
York, N. Y. (3900 words & fig.) 


Railway Age. (New York.) 


1932 625 .234 (.73) 
Railway Age, No. 5, July 30, p. 140. 


Illinois Central air conditions its « Daylight Spe- 


cial ». 2300 words & fig.) 


1932. 625 .27 (.73) 
Railway Age, No, 5, July 30, p. 143. 


STUDER (L. L.). — Missouri Pacifie changes store- 
house methods, (1400 words & fig.) 


1932 bake L Oe bakes 
Railway Age, No. 5, July 30, p. 147. 

Difficult building column changes made successfully. 
(1 900 words, 1 table & fig.) 


1932 656 .255 (.73) 
Railway Age, No. 5, July 30, p. 149. 
s Stewart’s train order delivery staff, (300 words & 
ig.) 


1932 = 385 .4 (.73) 
Railway Age, No. 5, July 30, p. 150. 
Four-system plan approved, (12500 words.) 


\ 

1932 656 .261 (.73) © 
Railway Age, No. 6, August 6, p. 175. —s 

Railroads use hundreds of autos to cut costs, (3 5( 
words & fig.) 

1931 621 .133.7 (73h) 
Railway Age, No. 6, August 6, p. 181. 

What treatment for water? (2100 words & fig! 


1932 621 .335 & 621 A) 
Railway Age, No. 6, August 6, p. 183, a9 
WALKER (E. B.). — The possibilities of gas-electr 

locomotives. (1 800 words & fig.) 


1932 656 .256 .7 
tye Age, No. 6, August 6, p. 185. iy 


(1 900 sides & 1 table.) 


1932 656 .1 (7. 
Railway Age, No. 7, August 13, p. 210. = 

DUNCAN (C. S.). — Who pays for the highways ® 
(6200 words & fig.) 

1932 625 1 (78 
Railway Age, No. 7, August 13, p. 217. _ 

Erie completes large track elevation project throug 
Paterson, N. Y. (2300 words & fig.) : 


1932 625 .232 (7 
Railway Age, No. 7, August 13, p. 221. 7 
Long Island has double-tier coach in trial in subur. 
ban service. (1 200 words & fig.) 


1932 656 .257 (06 (.73) 
Railway Age, No. 7, August 13. p. 227. 
Railway Accounting Officers Association meet at 
Buffalo, N. Y., on August 2-4, 1932. (6000 bid ) 


1932 725 31 (71) 
Railway Age, No. 8, August 20, p. 247. : 
Attractive passenger stations. (2800 words & 


1932 625 .244 (7, 
Railway Age, No. 8, August 20, p. 250. 
The « Frigi Warm » car dividing curtain. (17 
words & fig.) _ 


1932 621 .139 (06 (.73), 625 18 (06 (.7 
& 625 27 (7 


Railway Age, cs. 8, August 20, p. 252. * 


FARRELL (W. J.). — The Purchases and Stores 
sociation reviews its work. (2 800 words & fig.) 


1932 625 .214 | ( 
Railway Age, No. 8, August 20, p. 255. 


Roller-bearings performance on locomotives. 
words & fig.) 


1932 — 656 237. : 
Railway Age, No, 8, August 20, p. 259, 
Revised waybills increase revenue. (1500 w 


— 147 — 


) 1932 

ailway Age, No. 8, August 20, p. 263. 
\Milwaukee reverts to single track on 200 miles of 
ae. (2600 words & fig.) 


1 1932 
inilway Age, No. 9, August 27, p. 282. 
Taking the threat out of a river. (2 700 words & fig.) 


11932 
hilway Age, No. 9, August 27, p. 284. 


656 .255 (.73) | 


625 .123 


385 .13 (.73) 


[DUNN (S. O.). — Taxation and the railroads. (2 300 
ie at 
11932 Soot (elo) 


ailway Age, No. 9, August 27, p. 287. 
[| Dispose of inland waterways. (3600 words.) 


| 1932 621 .132.8 (.73) & 621 .134.3 (.73) 
yailway Age, No, 9, August 27. p, 290. 

| Gevelopment of the multi-pressure locomotive. (3 300 
rds & fig.) 


| 1932 
ailway Age, No. 9, August 27, p. 296. 


| Railway express agency begins highway freight serv- 
xe, (2 400 words, tables & fig.) 


656 .2 (.73) 


| 1932 621 .139 (.73), 625 18 (.73) 
& 625 .27 (.73) 

way Age, No. 10, September 3, p. pits 

{Supply work well organised on Pere Marquette. 

£000 words & fig.) 


1932 625 122 (73) 
jailway Age, No. 10, September 3, p. 323. 


| Erie Railroad solves severe erosion problem in lateral 
creams. (3800 words & fig.) 


Bice 621 .132.8 (.73) & 621 .134.3 (.73) 


_| Railway - Engineering and Maintenance, 


jailway Age, No. 10, September 3, p. 329. 
‘Development of the multi-pressure locomotive. (2 700 


| & fig.) 


(932 656 .256.3 (.73) 
lway Age, No. 10, September 3, p. 336. 


| aoe expedites trains with signaling on 132- 
le line. (2 000 words & fig.) 


ailway Engineering and Maintenance. (Chicago.) 
| (7 aor 625 .171 (.73) & 656 .259 (.73) 
way Engineering and Maintenance, August, p. 492. 
oak detector fences prove practical and effective. 


621 .392 (.73) & 624 .32 ( 3) 
way Engineering and Maintenance, August, p. 495. 
fruss ae strengthened by electric welding, (1200 
ords & fig.) 


1932 625 .122 (.73) 


Railway Engineering and Maintenance, August, p. 498. 


NAGLE (P.). — Embankments constructed by hy- 
draulic methods. (2600 words & fig.) 
1932 621 132.3 (.41) 


Railway Engineering and Maintenance, August, p. 501. 
Shutting off bad water in a deep well. (1200 words.) 


1932 721 6 
Railway Engineering and Maintenance, August, p. 502. 
What kind of a platform ? (2600 words & fig.) 


1932 614 .8 (.73) 
Railway Engineering and Maintenance, August, p. 506. 
DORSEY (J. C.).—Stressing the individual in safety 


work, (1 800 words.) 
1932 625 113 
Railway Engineering and Maintenance, August, p. 507. 
WALKER (Th.). — A graphie method in string lining 
curves. (1000 words & table). 
1922 625 122 
Railway Engineering and Maintenance, September, 
p. 544. 
Rock dams remove menace of hillside streams. (1 500 
words & fig.) 
1932 625 .142.2 
Railway Engineering and Maintenance, September, 
p. 547, 


BURTON (W. J.). — What is a softwood tie ? (1 600 
words, 1 table & fig.) 


1932 


625 .13 (.73) 

September, 
p. 549. 

Modernizing branch line bridges. (2 300 words & fig.) 


1932 ‘ 621 .133.7 (.73) 
Railway Engineering and Maintenance, September, 
p. 552 


Track pans without the usual problems. (2700 words 
& fig.) 


1932 625 .123 (.73) 
Railway Engineering and Maintenance, September, 

—~p. 557 

‘Why some roadbeds hold water and how to get rid 
of it. (2700 words & fig.) 


a Railway Gazette. (London.) 


1932 621 .43 & 656 1 
Railway Gazette, No.7, “August 12, p. 188. 
A new road-railcar. (250 words & fig.) 


1932 621 .132.3 (.41) 
Railway Gazette, No. 7, August 12, p. 189. 
~ Locomotive performance on the Great Northern Rail- 
way (Ireland). (2500 words, 1 table & fig.) 
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1932 621 138.2 (.42) 
Railway Gazette, No. 7, August 12, p. 192. 
New ‘coaling plant at Hull, London & North Eastern 
Ry. (800 words & fig.) 
621 .335 & 621 .43 
7, August 12, p. 193. 
(750 words & fig.) 


1932 
Railway Gazette, No. 
Diesel-electric characteristics. 


1932 621 .335 (.489) 
Railway Gazette, No. 7, August 12, p. 194. 

Diesel-electric locomotives for Denmark. 
& fig.) 


1932 
Railway Gazette, No, 7, August 12, p. 197, 
STUART MIALL. — Transmissions for Diesel loco- 
motives and railcars. (1500 words & fig.) 


(1560 words 


621 .43 


1932 656 .1 (06 (.42) & 656 .2 (06 (.42) 
Railway Gazette, No. 8, August 19, p. 217. 

Conference on road and rail goods transport. 
words. ) 


(4 800 


1932 on 33 (06 (8) 
Railway Gazette, No. 8, August 19, p. 


Electrification of steam railways in pe: countries. 
(350 words & tables). 


1932 
Railway Gazette, No. 
i ney tools for railway workshops, 
ig. 

1932 624 8 (.82) 
Railway Gazette, No. 8, August 19, p. 227. 

The Rio Negro bridge. (1 200 words & fig.) 


1932 621 132.3 (.438) 
Railway Gazette, No. 8, August 19, p. 229. 

New Polish (4-8-2) express locomotive. 
& fig.) 


1932 
Railway Gazette, No. 9, August 26, p, 245. 


RELEAUX (EE. W.). — Signal reform in Gh. 
(3200 words & fig.) 


1932 
Railway Gazette, No. 9, August 26, p. 249. 
The Kofler automatic train stop. (1 200 words & fig.) 


1932 656 .261 (.42) 
Railway Gazette, No. 9, August 26, p. 252. 

Modern railway cartage activities. 
fig.) 

1932 621 .132.5 (.61) 
Railway Gazette, No. 9, August 26, p. 257, 


New 2-8-2 type locomotives for the Morocean Rys. 
(800 words & fig.) 


1932 385 .11 (.42) 
Railway Gazette, No..10, September 2, p. 273. 
_ Railway operating efficiency. (2 200 words & tables.) 


621 .91 
8, August 19, p. 225. 
(1 400 words & 


(400 words 


~ 


656 .254 


—_—— 


656 .251 (.43) 


(2500 words & 


ee 


| Railway Gazette, No. 10, September 2, p. 278 


| Railway Gazette, No. 11, September 9, p, 315. 


» words, 4: tables & fig.) 


1932 625 233 (.4) 5 
Railway Gazette, No. 10, September 2, p. 276. 
Railway coach with sunshine roof, (800 words). 


656 1 & 656 mt 


1932 


Transport of building materials by rail and roe 
(1700 words & fig.) 


1932 


Railway Gazette, 


No. 


(1 800 words & fig.) 


tric welding. 


1932 


Railway Gazette, 


section, London Midland & Scottish Ry. (2 600 wor 
& fig.) : ’ 
1932 656 .211.5 (42) 


Railway Gazette, No. 11, September 9, p. 307. 
Sudbury town station. (1000 words & fig.) 


1932 
Railway Gazette, No. 11, September 9, p. 311. 


STUART MIALL. — Transmissions for Diesel loc 
motives and railcars. (1 400 words & fig.) 


1932 
Railway Gazette, No. 11, September 9, p. 313. ‘3 
Narrow-gauge geared Diesel locomotive. (1 300 word)y 
& fig.) Ss | 


1932 


621 4 


621 43 (43) 


HEINZE (E. P. A.). — New 410 B. H. P: 
weight Diesel engine. (1200 words & fig.) 


Railway Magazine. (London.) 


1932 656 222.1 (4 
Railway Magazine, September, p. 199. 


Continental summer train services, 1932. (3 600 word) 
& tables). . 


Railway Mechanical Engineer. (New York.) _ 
~1932 625 .234 (.73 


Railway Mechanical Engineer, August, p. 305. 


Illinois Central de luxe cars are air cooled. (2 30( 
words & fig.) 


1932 621 .335 (.73) & 621 43 G 
Railway Mechanical Engineer, August, p. 309. ‘ 


Santa Fe installs 900 h. p. articulated rail car. (2 


1932 : é 
Railway Mechanical Engineer, August, p. 316. 
Gasoline locomotives for light switching. (400 we 
1 table & fig.) -, 


932 625 .246 (.73) 
ie 24 Mechanical Engineer, August, p. 317. 


ion, American Railway Association. (3500 words, 
wables & fig.) 


621 .138 


lilway Mechanical Engineer, September, p. 345. 


piance costs. (2400 words, 2 tables & fig.) 


11932 625 .244 (.73) 
jilway Mechanical Engineer, September, p. 349. 
MPRACY (H. E.). — Pacifie Fruit Express Company 


1932 625 .214 (.73) 


wilway Mechanical Engineer, September, p. 353. 


vad equipment. 


Railway Signaling. (Chicago.) 


1 1932 656 .257 (.73) 


ailway Signaling, August, p. 231. 


aeft of coal with four automatic plants at Chicago 
heights, Ill. (1500 words & fig.) 


1932 625 .162 (.82) & 656 .254 (.82) 
uailway Signaling, August, p. 234. 
‘WEBSTER (J. A.). — An experiment in highway- 
fOssing signal control circuits in the Argentine. (1 200 
jords & fig.) 

1932 
sailway Signaling, August, p. 235. 
‘Boston & Maine interlocking at Boston. (5000 words 
; fig.) 


1932 625 .171 (.73) & 656 .259 (.73) 
tailway Signaling, August, p. 243. 

jSlide-detector fences on the Norfolk & Western. 
2400 words & fig.) 
x 


1932 

Railway Signaling, August, p. 247. 
‘The relation of maintenance to performance in an 
metric interlocking plant. (2000 words & fig.) 


& > 
ilway Signaling, September, p. 263, 


656 .257 (.73) 


625.258 (.73) 


(3000 words & fig.) 
932 ik 

ilway Signaling, September, p. 271, 

Interstate Commerce Commission permits cab signals 

lieu of automatic train control on the Union Pacific. 

2300 words.) 


> 


656 .254 (.73) 


UCKWALTER (T. V,). — Roller bearings on rail- | 


656 .257 (.73) 


ANE (W. F.), — Car retarders on the Burlington. 


\ll-steel box-car design presented to Mechanical Di- | 


OOK (T. R.). — How age affects locomotive main- | 


llilds seventy-ton refrigerator cars. (2700 words & | 


i Baltimore & Ohio Chicago Terminal Railroad stops | 


The Locomotive, August 15, p. 300. 
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The Locomotive. (London.) 


1932 621 .132.5 (.42)} 


The Locomotive, August 15, p. 267. 
Three-cylinder 2-8-o mineral engine, London & North 
Eastern Ry. (300 words & fig.) 
1932 
The Locomotive, August 15, p. 268. 
Beyer-Garatt express locomotive P. L. M. Ry. (Al- 
geria). (2500 words & fig.) 
1932 
The Locomotive, August 15, p. 277. 
PHILLIPSON (EH. A.). — Steam locomotive design :. 
data and formule. (1800 words.) 


1932 
The Locomotive, August 15, p. 280. 


Diesel rail-cars, Great Northern Ry. (Ireland). (750 
words & fig.) 


1932 621 133.2 (.44) & 621 .392 (.44) 


The Locomotive, August 15, p. 282. 

Welded copper firebox, Eastern Ry. of France, (900: 
words & fig.) 

1932 
The Locomotive, August 15, p. 283. 


4o-ton bogie well trollies, London Midland & Scottish 
Ry. (250 words & fig.) 


1932 621 .331 (.42) & 621 43 (.42) 
The Locomotive, August 15, p. 287, 


Oil-electric locomotive for the Ford Motor Co.’s 
Works. (1200 words & fig.) 


1932 


621 .132.8 (.44) 


621 .131.2 


621 .43 (.41) 


625 .246 (.42) 


621 .132.3 (.45) 


« Mikado » and « Pacific » type locomotives, Italian 
State Rys. (2600 words & fig.) 


Transit Journal. (New York.) 


1932 388 (.73) & 656 .1 (.73) 
Transit Journal, August, p. 342. 
Adjusting bus service to traffic demands. — Ad- 


vantages and disadvantages of buses of various sizes. 
(1500 words, tables & fig.) 


1932 


Transit Journal, August, p. 345» 


KEARNS (BE. E.). — Increasing car speeds with. 
shunted motor fields, (500 words & fig.) 


1932 625 .255 (.73) 
Transit Journal, August, p. 346. 


WARD (fF. T.). — Brake tests point way to faster 


schedules. (3000 words & fig.) 
1932 


Transit Journal, August, p. 352. 


614 .8 (.73): 


DANA (E.). — Accidents reduced by research me- 


thods. (1 400 words & fig.) 


621 .333 (.73) - 
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1932 
Transit Journal, September, p. 3871. 
New York to open its latest subway. (2000 words & 


625 .4 (.73) 


fig.) 
1932 625 .4 (.72) & 656 .256.3 (.73) 
Transit Journal, September, p, 374. 


Automatic signals and interlocking give protection 
to subway. (1600 words & fig.) 


1922 
Transit Journal, September, 
Modern. shops serve 
(1 000 words & fig.) 


1932 
Transit Journal, September, p, 380. 


625 .26 (.73) 
p- 377. 
independent subway system. 


Central station power used for new subway. (1800 

words & fig.) 
In Spanish. 
Ferrocarriles y Tranvias. (Madrid.) 

1932 385 (.460) 
Ferrocarriles y Tranvias, agosto, p. 245. 

REYES (F.). — I. — La facil transformacién de la 
red ibérica. (3800 palabras & fig.) 

1932 656 .254 
Ferrocarriles y Tranvias, agosto, p. 252. 


MAURINO (F. G.). — Instrucciones sobre passos a 
nivel de los ferrocarriles suecos. (2 600 palabras & fig.) 


Gaceta de los Gaminos de hierro. (Madrid.) 
1932 656 (.73) 


Gaceta de los Caminos de hierro, n° 3688, 15 de agosto, 
p. 181; n° 3689, 1° de septiembre, p, 193. 


Be: La explotacién de los ferrocarriles en los Estados 
Trt Unidos y la competencia y coordinacién con otras me- 
:: 


dios de transporte, (4800 palabras.) (Continuara.) 


tie te 
Vinge! 


Sean en 


Ingenieria y Construccién. (Madrid.) 


1932 
- Ingenieria y Construccion, septiembre, p. 473. 
Medios que en los ferrocarriles se proyectan o emplean 


para contrarrestar la competencia o encauzar el trafico, 
- (5 200 palabras.) 


1 
v 
a 


‘ 
fap i 


= w 
a oe 


Saye 


Revista de Obras Pwiblicas. (Madrid.) 


1932 656 
Revista ae Obras eer no 17, 1° de septiembre, 
p. 409. 


_ labras & fig.) 


io 


621 31 (.73) | 


656 .1 & 656 .2 | 


ROMERA (J.). — Problemas ferroviarios, (2 800 pa. | 


1932 
Revista de Obras Publicas, 
p-. 426, 


ROMERA (J.). 
labras & fig.) 


n° 18, 15 de septiem|y: 


— Problemas ferroviarios. (3 000). 


1932 656 .1 & 656)” 
Revista de Obras Publicas, n° 18, 15 de septiemiy 
p. 434. 


ONTIVEROS (F. J.). 
(2400 palabras.) 


La carretera y el ferrocawi 


In italian, 


Annali dei lavori pubblici. (Roma.) _ 


1932 624 .63 ( ) 
Annali dei lavori pubblici, maggio, p. 376. 
ORIOLI (V.). — Un nuovo ponte sull isarco a oH 
a 


isarco. (5700 parole & 7 quadri.) 


1932 62. 
Annali dei lavori pubblici, maggio, p, 416. ; 
TAGLIACOZZO (C.). — Contributo al caleolo d 


involucri elastici, Tensioni in un involucro resi 
alla flessione avente per superficie media un pa 
loide di rotazione. (4100 parole & fig.) 


L’Ingegnere. (Roma.) 


1932 
L’Ingegnere, agosto, p. 
TRANSINI (L.). 
(6500 parole & fig.) 


545. aioe 
La nitrurazione dell’ 


acciai 


1932 
L’Ingegnere, agosto, p. 572. 
ORABONA (F.). — Contributo al calcolo delle str 
ture cilindriche, (4 400 parole & fig.) 


62. 


1932 624, 
L’Ingegnere, agosto, p. 583, : 
BONVICINI (D.). — Formule per il calcolo” 


ak incastrato tipo « cattedrale >. Se: 500 paro le 
fig.) ; 


Rivista tecnica delle ferrovie italiane. (Ro na 


1932 625 244 
Revista tecnica delle ferrovie italiane, 15 agosto, p. 

PERFETTI (A.). — La determinazione. -sperimen 

della trasmissione del calore attrayerso i carri is 

mici e refrigeranti in esercizio corrente e del loro e 

) valente in acqua. 300 parole & fig.) 


1932 . ale 

Revista tecnica delle ferrovie rplane: 45 agosto, 
CUZZER (0.). — Metodo differenziale assolut 

ea dei riduttori et corrente, ia 600 parole 
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1932 656 .256.3 (.492) 
in Dutch. Spoor- en Tramwegen, n° 6, 13 September, p, 137. 
} VERSTEGEN (J.). — Automatisch blokstelsel op de 
De Ingenieur. (Den Haag.) Nederlandsche Spoorwegen. (2800 woorden & fig.) 
(Wordt vervolgd.) 
624 .2 (01 


Ingenieur, n° 34, 19 Augustus, p. 166. 
X (C.). — Berekening van meervoudig statisch In Portuguese. 
mapectaatverbindingen, mey Ktijve-knoonpunten: | ee eens eS ee Ve 


John E. Goldberg. (2 400 woorden & fig.) C 4 atlas Feene 
SS t i . (Li : 
621 | 132 8 (492) azeta dos caminhos de ferro. (Lisboa.) is 


nieur, n° 35, 26 Augustus, p. 71, 1932 385. (09 (.68) 
NNER. — De eerste Garrat-locomotief in Ne- 


(E500 Wooden & tig.) tego caminhos de ferro, no 1072, 16 de agosto, — ne é 
2 621 .33 GALVAO (L.), — O caminho de ferro da Rhodesia a \ Be 
renieur, n° 35, 26 Augustus, p. 78. Walfish-Bay. (1000 palavras.) . aie 
ERSCHOOR ee — Spitsverkeer en electrificatie. - ee ee BS Ze 
)woorden & 1 tabel.). — ga ; ‘ = Es 
Re ; _| Revista das Estradas de ferro. (Rio de Janeiro.) — 
a poe: en Tramwegen. (Utrecht.) 1932 385 (81) 
32. : 621 .43 cs) | Revista das EHstradas de ferro, n° 169, 30 de julho, — 
en Tramwegen, Deo SO Augustus, p. 109; n° 6,.}- p. 259 Eee 
September, p, 148. VIEIRA (F.). — Suggesties sobre a systematisaciio. E: 


ORPORAAL (E.). — Amerikaansche exploitatie van | de um plano geral para a viaciio ferrea brasileira. (3 oN 
rr ijtuigen. ‘(5 000 woorden & fig.) (Slot volgt.) palavras.) . es 
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CUTTING 
DEAD-WEIGHT | 
L. IN HALE 


WITH 


Theae COMPRESTALL” a | 
STEEL AIR BRAKE CYLINDERS 


are only half the weight gt corresponding sized r 
iron cylinders. 


: In addition they are stronger, more durable | and cas 
and less costly to maintain. partes’ 


Also, the air consumption per application i is redu ce 
approximately fee “Io 


Mode i in England by sire Sie ee 


i Pee 


II 


«To ensure punctual and uninterrupted 
operation of an increased train service» 


Modern Transport, 15/10/32 


BRIGHTON STATION HAS BEEN 
COMPLETELY RESIGNALLED 


225 lever all-electric frame at Brighton 


a (WESTINGHOUSE 
POWER SIGNALLING, 


as used throughout the whole line in connection with the Southern Railway’s 
London to Brighton Electrification scheme, is installed. 


All manufactured throughout in the Chippenham Works of 
i | | The Westinghouse Brake & Saxby Signal Co., Ltd., || 


82, York Road, King’s Cross, London, N. | 


. 


III 


Combined apparatus, with improved triple valve, 
one of a recent delivery. 


AIR BRAKE EQUIPMENT 


AS DESIGNED AND MANUFACTURED 


BY THE ASSOCIATED 


WESTINGHOUSE|@ 
COMPANIES 


HAS BEEN STANDARDISED ON FOUR 
FIFTHS OF THE WORLD’S TOTAL RAIL- 
WAY MILEAGE. 


And now includes apparatus for any kind of 
rolling stock. 


Recent Westinghouse 
designs include the 
Electro-pneumatic 
Brake, now extensively 
used by the London Unde - 
ground, and the "Compres- 
tall " Steel Air Brake Cylin- 
der, also used on_ the 


SPECIFY WESTINGHOUSE 


MADE BY 


THE WESTINGHOUSE BRAKE 
& SAXBY SIGNAL CO. LTD. 
82, York Road LONDON.N. 1. 


London Underground and 
on the new rolling stock 
supplied for the Southern 
Railway’s London to Brigh- 
ton Electric Service. 


IV 


VEREINIGTE 
EISENBAHN - SIGNALWERKE 
H 


G. M. S 


BERLIN-SIEMENSSTADT 


Semi-Automatic Power Frame at the 
Station “‘Ausstellung”, Berlin 


The most northerly Power Frame in the World at 
Narvik (Norway) 


MECHANICAL INTERLOCKING FRAMES 


Signal and Point Mechanisms for Wire 
and Rod Working — Compensators for 
Wire Transmissions — Point Detectors — 
Time Locks — Level Crossing Barriers — 
Electric Slots on Signal Arms — Crank 
Handle Locking Frames — Lever Locking 
Frames — Rail-Contacts 


ELECTRIC INTERLOCKING FRAMES 


with German and American Pattern Lock- 
ing Boxes — Signal and Po'nt Machines 
for Direct or Alternating Current — Elec- 
tric Point Detection — Motor operated 
Detector Bolts — Semaphore Signals — 
Day Colour Light Signals 


BLOCK SIGNALLING, NON-AUTOMATIC 


Block Signals — Block Instruments — 
Electric Plunger Locks for Block Instru- 
ments — Track Circuiting and other 
apparatus for indicating the condition 
of the line 


AUTOMATIC BLOCK SIGNALLING 


Impedance Bonds — Track Relays — 
Jiluminated Track Diagrams — Level 
Crossing Signals 

AUTOMATIC GRAVITY HUMP YARD 
INSTALLATIONS 
Desk Pattern Power Locking Frames — 
Magazine Apparatus for Automatic Point 
Operating 


AUTOMATIC TRAIN CONTROL 


mechanical (Train Stops) — inductive 


; » © — ~ ~ 
WORKS IN BERLIN-SIEMENSSTADT, BRAUNSCHWEIG, BRUCHSAL, GEORGSMARIENHTTUE 
Se OOO 


-and the Lubrication 
2 Problem | 


ete 
: s 
i 
i 


THE L.N.E.R. 4- CYLINDER COMPOUND EXPRESS LOCOMOTIVE 
depicted above, fitted with high pressure Yarrow-Gresley boiler, is equip- 
ped with WAKEFIELD No 7 pattern Mechanical Lubricators for valves, 
cylinders and axleboxes. One of the principal and most difficult pro- 
blems associated with the use of steam at very high pressures in locomo- 
tives is that of lubricating the cylinders and piston valves; whilst for 
heavily loaded bearings forced lubrication has become a necessity, WA- 
KEFIELD'S Mechanical Lubricators adequately meet both requirements. 


C. C. WAKEFIELD &CO., LTD 


e 
WAKEFIELD HOUSE, 30-32, CHEAPSIDE, LONDON, E. C. 2 


RAILWAY ELECTRIFICATION 


4 hes eminence of The English Elec- 
tric Company in the field of 
Electric Traction has resulted in the 
adoption of their products on some 
of the most important Railways 
throughout the World. In addition 
to supplying Locomotives, Motor 
Coaches, Railway Motors and Con- 
trol Equipments, The English Elec- 
tric Company manufacture all the 
plant necessary for the Power Sta- 
tions and for the equipment of 
Railway Substations for either entire- 
ly automatic operation or for super- 
visory control. 


Fifty-five Railway Systems are 
operating «English Electric» Equipments 


SOUTH AFRICA 


‘ENGLAND. 


ENGLISH 


ELECTRIC COMPANY LTD. 


Queen's House, Kingsway, London,W.C. 2. 
Works: STAFFORD, BRADFORD, RUGBY, PRESTON. 


BRANCH OFFICES AND ASSOCIATES ABROAD : 


RGENTINA, AUSTRALIA, BRAZIL, CANADA, CEYLON, EGYPT, INDIA, JAPAN, 
NEW ZEALAND, SOUTH AFRICA, STRAITS SETTLEMENTs AND F. M. S. 


LOCOMOTIVE LAGGING 


By courtesy of Messrs. Beyer, Peacock & Co., Lid. 


Limpet Mattresses. 
Limpet Felt Blocks. 
Newallite Blocks. 
85 °/, Magnesia 
Blocks and Plastic. 


Insulated throughout with—Stooled Limpet Mattresses. 


Limpet Asbestos Insulation 
for CARRIAGES 


Limpet Board, Hard Compressed Asbestos Millboard. 
Limpet Sheet, Flexible Ceiling Panelling. 


Compressed Cork Flooring, Dovetail Section to suit Key. 


Decolite Flooring. Nonpareil Cork. 


Limpet Aircell. Limpet Felt. 


CENTRAL ARGENTINE RAILWAY BOGIE FIRST CLASS ALL-STEEL CARRIAGE, 
Designed by Messrs. Livesey, Son & Henderson. 
Builders: The Birmingham Railway, Car & Wagon Co., Ltd. 


Insulated throughout with Limpet Aircell, Decolite Flooring, Decorated Poilite, Limpet 
System Train Heating Pipe Insulation, etc. 


J. W. Roberts Ltd., Armley, Leeds. 


Vill 


RAILWAY 


TYRES AND AXLES 
LAMINATED AND COIL SPRINGS 
SPIRAL AND VOLUTE SPRINGS 
BUFFERS 
SPRING STEELS 
DAVIS STEEL WHEELS 
WHEEL CENTRES 
BOGY SIDE FRAMES 
LOCO DRAG BOXES 
PISTON RODS 
SLIDE BARS 
CRANK PINS, ETC. 


THOS. FIRTH G 
JOHN BROWN, L® 


ATLAS G NORFOLK WORKS, SHEFFIELD. 


Dickson 


[SCOTSWOOD WORKS | 


Westminster, S. W. I. 


London Office : Thames House. 


OrL-ENGINE 


SHUNTING | 
LOCOMOTIVES = 


This 40-ton six-coupled Shunter has been in 
service for 13 weeks, 24 hours a day, six days 
a week, in the London & North Eastern Railway 
Yards. It has handled loads up to 816 tons up a 
gradient of 1 in 150. 

Fuel cost varied from 7d. to 9d. per hour. 

Is operated by one man. 

Write for particulars of maintenance cost during 
this period. 

In addition to this size we have in production a 
range of standard oil engine shunting locomotives 
to suit all conditions. 

We shall be pleased to furnish particulars upon 
request. 
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Produced by the blenders of the world’s fastest 
petrols—the largest and most progressive Oil 
Company in the world—Pratts High Test petrol, 
Pratts Ethyl and Pratts Motor Oil present 
spectacular advances in quality. 
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Contractors to the Principal e lan 
RAILWAY & ROADWAY COMPANIES 


at Home and Abroad 


FOR PASSENGER VEHICLES 
AND GOODS TRANSPORT 


LEYLAND. LANCS. 


There are Leyland 
Goods Vehicles for gross 
loads—from 24 to 123 tons 


Tp 
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EQUIPPED 
RAILWAY 


AXLE 
BOXES 


ADVANTAGES: 


EASIER STARTS 


QUICKER 
ACCELERATION 


LOWER 
MAINTENANCE 
COSTS 


ECONOMY 
_OF LUBRICATION 


PASSENGER 
COMFORT 


TI MKE 


=i 
TAPERED — 


BRITISH MADE 


Trade Mark + Timken 


British Timken Limirep 


CHESTON ROAD, ASTON, 
BIRMINGHAM 7 


Telephone : EAST 1321 (4 lines) Telegrams : "BRITIMKEN PHONE 
Birmingham . Birmingham " 7 
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@ Important concerns 
who prove its efficiency 


The A.E.C. 130 h.p. Oil Engine has been developed to its present 
highly efficient stage by intensive research and experimental work 


SOUTHALL lasting over a number of years. 


petrol engine of the same power, 
and owing to its unique design and 
the expert use of specially selected 
metals, the weight has been kept 
down to the very minimum. This 
weight is comparable with a petrol 
unit of similar power. 


In combination with these impor- 
tant features is the remarkable eco- 
nomy in operation. A very high 
saving in fuel costs is effected which 
ensures increased profits to operat- 
ors. Let us send you latest details. 


It is now widely operated by many prominent Municipalities and 
Industrial firms as the list below proves. 


This popular Power Unit is capable of the same performance asa 


Anglo Scottish Transports Co., Bir= 

mingham Corporation, Brett & Sons, 
Cook’s Haulage, Cow & Gate, Dundee 
Corporation, Gas, Light & Coke Co., Gelly- 
gear Urban District Council, Green Line 
Coaches, Halifax Corporation, Hudders- 
field Corporation, Leicester Corporation, 
London General Omnibus Co. Ltd., Lowes- 
toft Corpor., Midland Bus Co., National 
Omnibus Co., Northern GeneralTransport, 
Pickfords Ltd., S.M.T. Stockton Cor- 
poration, Wallasey Corporation, Walsall 
Corporation, Warpool Transport Co. 


The Associated Equipment Co. Ltd., Southall, Middlesex. 
LONDON’S BUSES 


BUILDERS OF 
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Special DEMAG Cranes 


and Lifting Appliances for Railway Workshops 


Two 50 ton locomotive Sunk traverser with five — -»-4 
transporting cranes. platform supports. 


8 DEMAG Suspension Cranes 


e storeyard of a railway workshop. in a rail storage shed. 
DWVISBURG 
IAG IIN-GLEsS:: 
Great Britain : France : Belgium : 
E. Hafels A. Legendre Edmond Ochs 
12, Victoria Street 33, rue d’Amsterdam SERAING 
LONDON S.W.1 PARIS 8 
Italy : Spain: Switzerland : _ Austria: 
Obering. M. Steinwes A. Teichmann Ing. H. Versell Obering. .Kroschel 
Corso Carbonara 10 Alameda de Mazarredo Asylstrasse, 92 Brucknerstr., 4 
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IMMEDIATE 
RESULTS 


entinel-Cammell”’ Railcar in Bucarest Station. 


On September 5th ordinary trains on the Craiova-Calafat 
section of the Roumanian railways were replaced by 
‘¢ Sentinel-Cammell ” Railcars. 

During the previous month the average number of pas- 
sengers carried daily by the ordinary trains was 268, or an 
average of 45 per train. 

From September 5th to 14th the railcars carried a daily 
average of 418 passengers, or 70 per trip. 

The steady increase caused by these cars is shown by the — 
fact that on the last two days, September 13th and 14th, 
the number carried was 507 and 587 respectively. 

Fares have been reduced by 50 per cent., but the figures 
show that the revenue has actually been increased, 
while the running expenses are stated to have been reduced 
in the proportion of 7: 2. 


Write for full particulars to : 


The “Sentinel” Waggon Works Ltd. . 


Railway Department, 


20, Iddesleigh House, Westminster, S.W.1. 
SSR es nS a DT ET EE EERE 


COMPANY 


Branch of 
The United Steel Companies Limited 


WORKINGTON 
CUMBERLAND, ENGLAND 


THE UNITED 


=(iii= 


COMPANIES LTD 


XVI 


FOR RAILWAY ENGINEERING 


RAILS AND SLEEPERS 


The Workington Iron & Steel Company branch of The United Steel 
Companies organisation specialises in the manufacture of rails made 
from specially pure Cumberland Hematite. These rails are notable for 
their long wearing qualities and high ductility. Other Workington 
products include chrome rails for extra long life, copper bearing rails 
and Sandberg sorbitic and oven-rails. 

The present range of Workington Steel Sleepers includes a variety of 
carefully developed types covering every need, for both bull-head and 
flat-bottomed rails. (Write for publication W.103). 

Each of the Big Four English railway companies is now using Work- 
ington Steel Sleepers, as many railway systems in other parts of the 


world have done for years past. 
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Diesel-Electric System 


PREPS AS SK , 
for Railway Traction 


One of the Beardmore Diesel-Electric Rail Cars in Spain 


BEARDMORE ENGINED UNITS HAVE RUN 


OVER 4,000,000 MILES 
IN ACTUAL SERVICE 
SAVING OVER 50°/, IN OPERATING COST 
COMPARED WITH STEAM 


OTHER PRODUCTS 


STEEL INGOTS, BLOOMS, CASTINGS MARINE ENGINES, BAUER WACH 
FORGINGS, FURNACES, RAILWAY EXHAUST TURBINES, CAPROTTI 
AXLE, TYRES WHEELS AND AXLES. VALVE GEAR, LAND & . MARINE 

ore: ENGINES, ETC. 


WILLIAM 


a 
LinmiiTrep 
——<——— ay 


~ PARKHEAD 36, VICTORIA ST., 
GLASGOW LONDON, S.W.|I. 
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The completion of the magnificent bridge across 
SYDNEY HARBOUR, has enabl:d a 
further step to be taken in the extension of 
the Sydney Suburban Electric Railway system. 
Now “Metrovick” traction equipment provides the 
railway link between the two sides of the harbour. 
In addi ion to full equipments for 456 motor- 
coaches, 9 driving t-ail rs and 442 non-driving 
trailer coaches, ‘‘Metrovick” rotary Converters 
and push button operated control gear are install- 
ed in the sub-stations. 


COMPLETE ELECTRIFICATION SCHEMES UNDERTAKEN 
MER eUTAN 
Ye Vickerg * & 


TRAFFORD PARK - MANCHESTER 


ilvertown Lubricant S 


FOR 


IN SERVICE 
AXLE BOXES ON THE 
VALVES LEADING 
RAILWAYS 
ae OF THE 
CYLINDERS WORLD 


“THE ROYAL SCOT ” 
L.M.S. RLY) WITH SILVERTOWN MECHANICAL LUBRICATOR 


SILVERTOWN MECHANICAL LUBRICATORS 


(MANUFACTURED BY GRESHAM & CRAVEN LTD.) 


Silvertown Lubricants Ltd. 


Minoco Wharf, West Silvertown 
LONDON, E.16 
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Builf specially for 
Railway use 


1p Overtype models of the famous 

30/35-cwt. and 40/45-cwt. Albions 
have been specially developed for railway 
use. They have small turning circles and 
carry platforms 11 ft. 6 ins. and 12 ft. re- 
spectively. Their speed and handiness, in 
addition to their economy and reliability, 
make them absolutely suited to this class 
of work ; over 70 of these vehicles have 
already been supplied to the L.N.E.Rly. 


Range of Albion Models 30/35-cwt. to 
6-tons. 


ALBION MOTORS LTD. 

SCOTSTOUN, GLASGOW, W.4. 

London: . . BANK BUILDINGS, 
20 KINGSWAY, W.C.2. 

Also at EDINBURGH, MANCHESTER, 


LEEDS, SHEFFIELD, BIRMINGHAM 
and BRISTOL. 


“LONDON & NORTH EASTERN RALMAY 
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The NEW COPPER which 


—— definitely assures STAY 
TIGHT FIRE BOX STAYS | 


Research work carried out by the British Non- 
Ferrous Assn. has proved that failure of fire box 


stays due to heads wearing is almost entirely \ 
reales of corrosion caused by leaky stays. Bs U P E R I 0 R } 
Long and painstaking scientific investigation BEHAVIOUR UNDER i! 
has been carried out to produce a metal which 

would definitely assure tight stays under all C 0 MP R F § § | V E 
conditions. 

« STAY-TITE » Copper is the successful result. STRAIN AND DOES 

This new copper, containing a percentage of 

silver, possesses all the hitherto desirable NOT PERMANENTLY 
qualities of Copper Rods and Plates made to 

B.E. S. A. Specification. In addition, owing to DEFORM. 

their superior elastic properties, « STAY-TITE » 

Stays do not permanently deform under com- POSSESSES A LL 


pressive strain, thus avoiding leaky stays. 


May we have the pleasure of sending you OTHER QUALITIES 


further information in regard to « STAY-TITE, » 


which has been proved in actual service condi- D E b) i R A B L E { N 
tions to be the most successful copper ever 
introduced for assuring stay-tight fire box stays. C 0 P P E R R 0 D 32 


Broughton 


STAY-TITE 


Copper (Copper 


Silver ) | 
The BROUGHTON COPPER COMPANY LTD. 
MANCHESTER 


Se 
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175 H.P. 

On.Gy. |: Introducing the 
1400 fo de Se engine throughthe 
Weight, door for installing 


approx. 2300 Ib. it into the bogie. 


MAYBACH 


DIESEL 
RAILCAR 


Room taken up by the 175 H.P. Diesel : 
Length: 79 1/2” Width: 28 1/2” ~ Height: 48 3/8” 


MAYBACH-MOTORENBAU G. m. b.H. 
FRIEDRICHSHAFEN a. B. 


Please see our advertisements in subsequent issues. 


Compagnie du Chemin de Fer Métropolitain de Paris 


Offices : 75, sie Haussmann, Paris (8°) 


List of the Stations by Arrondisment and Quarter 
Stations serving the Paris Main Railway Stations 


Joint Stock Company. - Capital : 101.719.250 Fr. 


16th Arrondisment (continued) 


La Muette Quarter: 


La Muette Line 
Passy . eo » 
Ranel: igh rk: Sere » 
Porte Dauphine Quarter 
Pompe Line 
Porte Dauphine ~~ Ae » 
Chaillot Quarter: 

Boissiére. . . Line 
Klebérig <5 59 coms » 
Tenaiy ee ee oe » 
Porte Maillot . . » 
Trocadéro, “. «. « » 
Victor -Hugows un. » 


17th Arrondisment 


wy 


and 9. 


Nuss 


BATIGNOLLES-MONCEAU. 


Ternes Quarter: 
Etoillesis, cn eee LINneSmad een os 
Obligado . . 5 ye ale 
Porte Champerret 5 %.| 03. 
Plaine-Monceau Quarter: 
Malesherbes . Line 3. 
Péreire . ee D133 
Wallhiersst is) 7, see » Zand 3: 
Wagram. . : » 3s 
Batignolles Onder. 
Place Clichy . Lines 2 and 13. 
Rome. . < » 
Epinettes Onaricn: 
Brochant . Line 13bis. 
La Fourche | . » 143 and 13bis, 
Porte de Clichy. . » 43bis. 
Porte de Saint-Ouen my ahh 
18th Arrondisment. BUTTE-MONTMARTRE, 
Grandes Carriéres Quarter: 
Blanche Line 2, 
Lamarck - Caulain- 
Court : Diet 2: 
Marcadet- Balagny . ay a8}, 
Clignancourt Quarter: 
Abbesses. . . .~ Line 12. 
Anvers. Ss es Dare 2, 
Chateau- Rouge aa at 
Porte de Clignancourt yb L 
Juies-Jofirin . . De d2e 
Simplon ... » 4. 


Goutte d’Or Ouarter: 
Barbés-Rochechouart 


Lines 2 and 4. 
12. 


Porte de la Chapelle- » 

Saint-Denis. . 
Marcadet-Poissonni*™s » 4 and 12, 
Chapelle Quarter: 
LOLGy ee ae, etree binem1 22 
19th Arrondisment. 

BUTTES-CHAUMONT. 

La Villette Quarter: 
Aubervilliers . _. . Lines 2 and 7bis, 
Criméan ee) Sera » This, 
Jean-Jaurés . . . D2 and 
Riquet . ; bi. .ZDis) 
Boul. de la Villette » 2 and 7bis. 


(Continued.) 


PASSY 


Pont de Flandre Quarter: 


Pont de Flandre Line  7bis. 
Porte de la Villette »  TZbis. 
Amérique Quarter: 
Place du Danube Lime, 7: 
Place des Fétes .. m of 
Pré Saint-Gervais . Deis 
Combat Quarter: d 
3olivar ‘ Line 7. 
Botzaris . . F eee 
Buttes- Chaumont oy Laat 
Sombre o fF oo « ea 
20th Arrondisment. MENILMONTANT. 
Belleville Quarter: 
Be llevilleseeeee) einem 
St-Fargeau Quarter: 
Porte des Lilas. . Line 3. 
Saint-Fargeau . -. Ree 
Pére Lachaise Quarter: 
Pere-Lachaise Lines 2 and 3 
Gambetta. -s.8 oe ye 
Martin-Nadaud . . ye ee 
Pelleport. . . Di oo: 
METROPOLITAN. STATIONS SERVING 
THE MAIN’ RAILWAYS _- STATIONS 
OF PARIS 
Gare de Est . . Lines 4, 6, 7 and 7bis. 
Invahdesic) eee » 8 and 10, 
Gareyde, Lyon. = Dy ti 
Montparnasse. . . De trang .12! 
Gare du Nord . . » 4 and 6, 
Gare d’Orléans-Aus- 
terhitiza hee >, 6" 
Samnt-azare sane oP Se BPR SED Ani 
13bis. : 

Bastille (Gare de Vin- 

cennes) . beet pOsand 16: 
Solférino (near " the 

Orsay Station). . ya 


B 
rurcadet {Ralagny J ating Teo 


| METROPOUITA 


LigneN'l Vincennes Maillot 
d° 2 Nation Dauphine 
d° 3 Lilas Champerret 


d? 4 Clignancount Ped Orleans 
d° 5 Nord-ItalieEtoile 
d° 6 Nation-Italie 


d° 10 Pde Choisy Invalides he 
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ocomotive COALING PLANTS 


A plant supplied to the L. N. E. Railway at Eastfield. 
Capacity of bunker 500 tons of 3 qualities of coal, Eee 


THIS WAGON HOIST LOCOMOTIVE COALING 
PLANT IS FULLY AUTOMATIC. 


THE STORAGE HOPPER, CONTAINING TWO 
QUALITIES OF COAL, IS FILLED DURING NOR- 
MAL DAY WORKING BY ONE MAN. 


TENDER IS FILLED AT TWO TONS PER 
MINUTE, BY ONE OF THE LOCOMOTIVE CREW. 


THERE IS NO SPILLAGE OF COAL. 


THE QUANTITY OF COAL TAKEN BY EACH 
TENDER IS AUTOMATICALLY RECORDED. 


A COMPLETE RECORD IS THEREFORE AVAIL- 
ABLE OF THE COAL TAKEN BY EVERY LOCO- 
MOTIVE. 


WE SPECIALISE IN 
ALL TYPES OF 


MATERIAL 
HANDLING 
APPLIANCES, 


HENRY LEES & COMPANY, LTD 


ENGINEERS, GLASGOW 
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LOKOMOTIV-WERKE 


G M B H 


BERLIN-TEGEL 


z 


: A3591 | 


4-6-2 Superheated Steam Express Locomotive for the 
German State Railway, Standard Locomotive Serie 03, 
weight in working order: about 99,5 tons 


LOCOMOTIVES 


of all types and sizes 
and for all gauges 
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To and From the Belgian Ports | 


q 
} 


Belgium is covered by an extensive railway system comprising over 3000 miles 
of lines and the Belgian Railways provide efficient services for merchandise and } 
passenger traffic from Belgian Ports to all parts of the Continent and vice versa. 


SEND YOUR GOODS 
VIA BELGIAN PORTS 


Cheapest and quickest route for Continental traffic. Special low 
rates for goods sent in transit through Belgium via Belgian Ports. 
Greatly accelerated services. 


Belgium is a Centre for distribution to all neighbouring Countries 
and even to Central Europe. 


— CUSTOMS FORMALITIES REDUCED TO A MINIMUM — 


Belgian ports are connected with all parts of the world by regular 
steamship lines. — Spacious wharves and warehouses. — Up-to-date 
appliances for loading and unloading goods. — There is an extensive 
network of railway lines throughout the docks and trucks are brought 
right alongside steamers, making for ease and speed in the loading 
of goods, and consequent low handling charges. — The efficient and 
speedy work of the Belgian dockers is renowned throughout the world. 


Travel toand through Belgium 
SEASON TICKETS available 5 or 15 DAYS 


at reduced rates for travel over the whole Belgian Railway system. 


GREAT BRITAIN-CONTINENT &vice versa 
via the DOVER-OOSTENDE Royal Mail route 


in connection with excellent Railway services 


2 services daily - 3 hours sea-passage 
Special night service during summer. 


Sleeping cars (1st and 2d class) or through carriages (1st, 2nd and 3rd cl.) 
Oostende-K6ln-Berlin- Warszawa ; Oostende-Strasbourg-Basel-Luzern- 
Milano-Genova-San Remo ; Oostende-Basel-Genéve ; Oostende-Frankfurt- 


Vienna-Budapest-Bucuresti ; Oostende-Basel-Luzern-Milano-Venezia ; 
(Oostende) Bruxelles-Basel-Luzern-Milano-Roma. De luxe trains : 
Oostende-Vienna-Orient-Express; | Nord-Express : Oostende-Berlin- 


Warszawa-Riga ; Oostende-Kéln Pullman Express. 
Express transport of parcels and motor-cars. 


Full information regarding fares and rates may be obtained on application to the 
Commercial Representatives of the Belgian National Railways, at the following addresses : 


BASEL: 59, Leimenstrasse. ANTWERPEN: Station Antwerpen (Dokken 
KOLN: Rampe der Hohenzollernbriicke. en Stapelplaats). 

LONDON: 47, Cannonstreet, E. ©. 4. CHARLEROI: 7, Quai de Flandre. 
LUXEMBOURG: Place de Paris. GENT: Station Gent (St-Pieters). 
MILANO: 21 Via Manzoni. LIEGE: 41, boulevard de la Sauveniére. 
PARIS: 14, rue du 4 Septembre. MONS: Station de Mons. 


Official Information Bureau for travel in Belgium : 
21, PIAZZA DEL POPOLO, ROMA 
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Advertising 
ad 


in this 
Bulletin 
apply 
to the 


BNEX NESS Seb EAI E@k 
THE UPHOLSTERY OF ALL 
PASSENGER VEHICLES 


Here is an upholstery material of real 
durability. 

Not only is it durable, but also soft 
and pliable. Hyderex No. 1. quality is 
ideal for occasions when an extra strong 
yet supple material is required. 
Obtainable in a wide range of attrac- 
tive grains and colours, ‘“Rexine” is 
scratchproof and will not absorb dirt 
or grease. It is quickly and easily 
cleaned. 

Full information and patterns may be 


Intern ation al obtained on application. < 
Railway 6 


A 
Congress > ne 


Association 1.C.l. (REXINE) LIMITED 


(A subsidiary company of Imperial Chemical Industries Ltd.) 


Brussels, 74, rue du Progrés Hay. Dace, CoH EeS: HaleRee 
London Office: 60, Wilson Street, Finsbury 
E.Gi2 : 


R.A.299 


XXIX 


AIR BRAKES 
of the KNORR, KUNZE KNORR, HILDEBRAND-KNORR system 
for passenger and freight trains 


MOTOR COMPRESSORS for rail motor cars and electric engines 


Air pressure devices for application of pantographs 
automatic door closing 


discharging of wagons 
CENTRAL COUPLERS 


with 
automatic brake line and electric cable connector 


FEED WATER PREHEATERS forsteam locomotives FEED WATER PUMPS 


Alphabetical Index of Advertisers 


Firms: 
Albion Motor Car Co. . . ol Ge none XX 
Anglo-American Qil Co., Ltd, baat Ge be xX 
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Associated Equipment Co., Ltd. (The) . XIII 
Ateliers de Constructions ape de 
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Gresham & Craven, Ltd. ..... ., = 
Guest, Keen & Nettlefolds, Ltd. . . . — 
Haine-St-Pierre (Forges, Usines et Fon- 
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Specialities : 


Commercial and public service motor vehicles. 
High test petrol, Motor oil, etc. 

Railway rolling stock. 

Bronzes and white bronzes for railway purposes. 
Lubricators. 


Oil-Electric Traction. 
Passenger and commercial motor vehicles, 


Electric train lighting. Electric signalling. 
Railway fastenings, rail screws, etc. 

Diesel motor coaches, etc. 

Cemented waterproof. Sleepers, crossings, etc. 
Locomotives. 

Axle boxes for rolling stock. 


Copper tubes, copper rods, copper plates. 


Public Transportation. 


Train lighting batteries. 

Passenger coaches, goods wagons & special carriages. 
Precision grinding machines. 

Iron and steel in all forms. 

Steel sleepers. 

Injectors, ejectors, etc. 

Special Cranes and Lifting Appliances. 
Varnishes, Japans, Fine colours, etc. 
India rubber tyres. 

Railway electrification. 

Hollow forgings. Tyres, axles, etc. 
Diesel-electric locomotives. 

Railway signalling. 

Ejectors, injectors, lubricators, etc. 
Screws, 


Railway rolling stock. 

Speed indicators. 

Makers of machine tools. 

Aluminium alloys. 

Bearings. 

Road motor vehicles. 

Seamless steel oilfeeders. 

Borers. 

Air Brakes, Feedwater Heaters, etc. 
Burnishing apparatus. 

Passenger and goods motor vehicles. 
Coaling plants. 

Aluminium alloys in all forms. 
Railcar Diesel. 


Rolling stock of all kinds. 
Railway-Electrification. 
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Firms : Specialities ; 
Mitchell Conveyor Co. (The)... . . XXIV Conveying and handling plants, coaling plants, etc. 
Pritchett & Gold and E. P, S., Ltd. . XXXVIJ  Accumulators for train lighting. 
RREXING yw, CO ees Se ea ee VALLE Leathercloths, 
Roberts Ltd. (J. W.) . a5 VII Asbestos products in all forms. 
« Sentinel » Waggon Works, Ltd, (The). XV Locomotives, Rail cars, etc. 
Silvertown Lubricants, Ltd, , .... XIX Mechanical Iubricators. 
Spencer-Moulton & Co., Ltd, (George). XLII ‘India rubber springs of all kinds, 
Standard Stoker Co., Inc. (Ltd.) . . . XXXVIII  Stokers, 
SM Sis DR (A EN 56 Go ee ek — Kitchen and service equipment. 
Superheater Company (The) London. . -——  Superheaters for locomotives and multiple valve 
regulator headers. 
Superheater Company (The) New York. XXXII Steam superheaters for locomotives, marine, etc, 
Thornycrofit & Co,, Ltd. (John I.). . . — Passengers and goods motor vehicles. 
United Steel Companies Ltd. (The) . . XVI Steel sleepers, steel for all purposes. 
Usines Emile Henricot (S. A.)... . XXXV Steel and iron founders. 
Vereinigte Eisenbahn-Signalwerke . . . IV Railway signalling. 
Vereinigte Westdeutsche Waggonfabri- 
Ken Pp ee ec see aes — Rolling stock. 
Vickers Train Lighting Co., Ltd. . . . -— Train lighting dynamos and equipment. 
Vi-Spring Products Ltd. oe % — Springs: carriage seats, bedding for sleeping cars. 
Wakefteld = &2 Cor, Ltd. ae eee te Vv Mechanical lubricaters: oils for all purposes. 


\Wtins TEE (Ch, edi) 6 co 6 x XL = Feed pumps and heaters for locomotives. 
Westinghouse Brake & Saxby Signal Con * 

Ltd (Lhe) ese I-II-i = Railway signalling. Brakes. Heating systems. 
Nietek (oe tan (AN Cee ao Ts ho — Railway supplies, steam heating, etc. 
Williord and Company, Ltd. . . . . XXXIV Railway springs and for all their purposes. 
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FIRETUBE SUPERHEATERS 
CASS 

Integrally Forged Long experience has demonstrated conclusively the 

Return Bends 


superiority of the design and construction of Elesco 
(Schmidt) superheaters, and their reliability and efh- 
ciency in operation. This is due largely to exclusive 
use of return bends, integrally forged with the tubing 
which form the loops of the superheater elements 
or units. These bends are machine-forged without 
utilizing either additional material or a flux. 


Units so formed are homogeneous and as strong as 
the original tubing. At the bends, increased thick- 
ness of the metal gives additional strength at the point 
where it is needed most. This method of construc- 
tion also gives constant internal area, with smooth 
surfaces within the return bends which offer no 
restriction to the flow of steam. The smooth exterior 
surfaces avoid collection of soot, ashes or cinders. 


Millions of these return bends are in use daily in the 

severest service on steam railroads throughout the 

world, where Elesco superheaters are now standard. 
y Nae 


Headers Headers for Elesco superheaters are made of the very 
best gray iron and are designed to meet internal 
stresses to which they are subjected through con- 
stant vibration and variations in temperature. 


A recent development of the finger type header has 
the multiple-valve throttle or regulator integral 
with the casting, as illustrated. Without complica- 
ting the smokebox arrangement, this throttle or 
regulator offers many advantages over other designs. 
the steam is controlled between the superheater and 
the cylinders, and by the consecutive opening and 
closing of a series of small valves the steam ey 
to the cylinders is finely graduated. Steam at full 
boiler pressure constantly circulates through the 
units, protecting them from overheating. The mul- 
tiple-valve throttle-header is being adopted rapidly 
for every class of locomotive service. 


THE SUPERHEATER COMPANY 
60 East 42nd Street, New York, N. Y., U.S. A. 


ASSOCIATED COMPANIES: 


The Superheater Company Limited 
Bush House, Aldwych, London, W.C.2, ENGLAND 
fo) 


Schmidt’sche Heissdampf-Gesellschaft, m. b. H., 
Rolandstrasse 2, Cassel-Wilhelmsh6he, GERMANY 


The Superheater Company, Limited 
Dominion Square Bldg., Montreal, CANADA 
Cw 
Compagnie des Surchauffeurs 
Rue la Boétie 3, Paris, FRANCE 


The Superheater Company (Australia) Limited 
Manchester Unity Building, 185 Elizabeth Street, Sydney, N. S. W. 


A681 Agencies Throughout the World 
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C E. C Ateliers de Constructions 
f \. ofse Ne Electriques de Charleroi 
rae os 


Electric traction plant 


Motors and equipment 
Electric lighting plant 


for trains 


Electric signalling 
Wires and Cables 


7ou 


W.A.BONNELL (1924) Ltd. 


17 -18; Railway Approach; London Bridge; London S. E. I. 
Telephone : WATERLOO 1262, 1263 - Telegrams : “THREEPLY” LONDON 
Se 
« BONPLY » « BONMAX » 


SPECIALLY CEMENTED WATERPROOF Metal - covered BONPLY 


EL RS Ee Lary ge aE Ese 


Manufactured for 


he Av aw ALY a W. Os aks 


is the only Piywood in constant use for 


Can be produced in almost any 
metal, being light combined with 
great strength. Is ideal for road 


twenty years on all the Leading Railways at 


Direct Importers of 


Sleepers, Crossings, Deals, Battens, Boards and all Railway Timbers 
ESTAS RL ICS BIE IO ET PIN TTT SOT RIE 


XXXIV 


Railway telephone 
apparatus 


Selective calls 


are becoming more and more necessary for railway telephone installations. 
A large number of railway administrations have entrusted us in recent years 
with the modernising of their telephone system. 


Hasler selector apparatus 


are famous for their simplicity, reliability and low cost. 


For quotations and particulars, apply to: 


Intercall selector apparatus 
for individual calling by means oc n as er erne 
of alternat.ng current e e 9 


WILLFORD & COMPANY LIMITED, 


ESTABLISHED 1890, 


FONDON OFFICE: PARK HOUSE WORKS, SHEFFIELD. ALSO AT 
i 34, Victoria Street. Telephone: 21114 SHEFFIELO. BURNBANK WORKS, 
3 Wactringter: S.W.1. pyolenrams: “AUDAX, "PHONE, SHEFFIELD.” DENNISTOUN. GLASGOW, 


Code: BENTLEYS. 


CONTRACTORS TO THE “LEADING BRITISH, INDIAN, SOUTH AMERICAN AND COLONIAL RAILWAYS. 
MODERN PLANT, SERVICES OF FIRST CLASS DESIGNING STAFF AVAILABLE. 
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ENAMELS & VARNISHES, 


FOR ALL PURPOSES. 


CELLUSOL (nitrRo-cELLULOSE), 


FOR ROLLING STOCK, VEHICLES. ete. 


INDUROLEU M™ cireproor FLoorING), 


FOR COACHES & BUILDINGS. 


DOCKER BROTHERS, 


HEAD OFFICE & WORKS LONDON DEPOT. 
ROTTON PARK STREET 4&6 MOOR LANE 
BIRMINGHAM. LONDON TE. C, 2. 
TE EPHONE TELEPHONE 
EDGBASTON 3001 METROPOLITAN 2775 


TELEGRAMS. JAPAN. BIRMINGHAM TELEGR. MATURED.BARB. LONDON 


avonvme USINES EMILE HENRICOT 


COURT-ST-ETIENNE - BELGIUM 


STEEL FOUNDERS - - BESSEMER AND ELECTRIC PROCESS 
- = IRON FOUNDERS - - 
STEEL CASTINGS FOR RAILWAY ROLLING STOCK : AUTOMATIC COUPLERS, ONE PIECE POGIE 


FRAMES AND END FRAMES, SIDEFRAMES, BOLSTERS, BOGIE CENTRE PIVOTS, AXLEBOXES, 
«ANSPECT» RAIL LIFTERS, STOP SHOES, RE-RAILERS, ETC.., 


HIGH MANGANESE STEEL CASTINGS BY ELECTRIC FROCESS FOR RAILWAY TRACK-WORK 
POINTS, CROSSINGS, ETC... 
A. B. C. 5th Edition, Lieber’s 


TELEGRAPHIC ADDRESS : 
HENRICOT - COURT-ST-ETIENNE I 
n ineering n on 
B LGIUM f \ Be fev Maree 


Crossings of 12 to 14 °/. Manganese Ste | (Electric Process). 


CODES 
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ANTI-ATTRITION 


BRONZES AND WHITE BRONZES 


ANTI-ATTRITION sBrRONZEs ARE THE MOST EFFICIENT FOR LOCOMOTIVE 
AXLE BOXES, BEARINGS, BUSHES, SLIDE VALVES, AND ALL NON-FERROUS WEARING PARTS. 


ANTI-ATTRITION wuitE BRONZES FOR LINING UP LOCOMOTIVE BEARINGS, 
CONNECTING ROD AND COUPLING ROD BUSHES, ECCENTRIC STRAP LINERS, 
CARRIAGE AND WAGON BEARINGS, ETC. 
SUPPLIED IN INGOTS, CASTINGS, OR ACCURATELY 
FINISHED TO SAMPLES OR DRAWINGS. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, DOMINION GOVERNMENTS BRITISH 
AND FOREIGN RAILWAYS, LONDON COUNTY COUNCIL AND OTHER CC RPORATION TRAMWAYS, 


STEAMSHIP COMPANIES, MOTOR TRANSPORT COMPANIES AND ENGINEERS. 
SOLE MANUFACTURERS 


LONDON OFFICE THE 
1, VICTORIA ST., S. W. 1. 


Glengall Works, Glengall Rd. 
London, S. E., 15 


METAL COMPANY, LTD. 


Telegraphic Address : Codes used : ABC 5th Edition. 
OILER, YORK. IP inf 1S Telephone : 2946 


ARMSTRONG OILER C* Lid. 


YORK 


Patentees and Manufacturers of 


The “ARMSTRONG ” Oiler. 


For lubricating Efficient 
tt Types of ail aad 
Railway and ii Wel 

T : Perfect in 
ramway 3 
Journals. th —— Every Detail. 


“ ARMSTRONG OILER ” 
as supplied for Railway Tender Axle-Boxes. 


SAMPLE SETS FOR TRIAL SUPPLIED FREE OF CHARGE. 
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After dark.... Ill 
the batteries take charge | 


and on many of the world’s leading railways, the battenes 
in whch impl cit trust is placed are P. & G. ad E. P. S. 
Built robustly for service, designed so simply that there is 


nothing to go wrong, these cells have a world-wide reputa- 
tion for complete efficiency. 


P. & G, and E. P. S. made in a British factory by Bnitish 


craftsmen have been lighting trains since 1890. 


P. & G. and E. P. S. 


aes TRAIN LIGHTING CELLS 
eR INET LIGHTING TRAINS SINCE 1890 


These accumulators have 
very robust and specially 
designed plates and can 


Wood o ‘Daw mite PRITCHETT & GOLD and E.P.S. Company Ltd. 
Eatin’ wteschie Ag ilies: 50, GROSVENOR GARDENS, LONDON, S. W. I. 


trated brochure, "| ight- 
a. areal Sines 1890 1 Telephone : "Storage " Sowest London. Cables : "Storage " London. 


Locomotive connecting rod in ‘ R.R. 56,, alloy Locomotive motion lever in ’’ R.R. 56,, alloy 


LABORATORY TEST CARD 
Tensile Test No 1562, 16th August 1931 


Locomotive Con. Rod. and Motion Lever Forgings in « HIDUMINIUM » R.R. 56. 
Test pieces integral with the forging. 


Melt |} 0.1 °/. P.S. Yield Ultimate ees te: Redn. Area TavdaaNe 
be ele : 


No Tons/sq.in. | Tons/sq.in. | Tons/sq.in. "lo Remarks 


25.8 29.5 13.5 25.0 138 


22.2 26.0 29.8 13.0 22.0 138 


Wobler fatigue; 14 10.8 tons per sq. in. at 100 Million Reversals 


The above illustrations show two experimental applications (so far successful) of HIDUMI- 
NIUM R.R. Alley in an endeavour to save weight in reciprocating parts. HIDUMINIUM R. R. 
Alloys are ideal for applications requiring strength with lightness, and they possess excel- 
lent wearing qualities. 


For full particulars regarding these alloys apply to : 


HIGH DUTY ALLOYS Ltd. 
Trading Estate, Slough, Bucks, ENGLAND 


Manufacturers of Aluminium Alloys to all specifications- Ingot, Forgings, Stampings, Castings. 
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Davies & Metcalfe Ltd. 


Romiley, Manchester. 


Fitted with Davies & Metcalfe’s Live Steam Injector and Vacuum 
Brake Ejector. 


Manufacturers of the Metcalfe Patent Exhaust 
Steam Injector. 


TYPE “B-K” 
$10 K-ER 


A Sure Way To 
Get Full Capacity 


egardless of the size of the locomotive boiler and ing as high as 30,000 !bs. of coal per hour. It has 
the refinements in the engine, full steaming increased the earning capacity of smaller power by 
capacity must be always available if these benefits developing the fuil boiler capacity. 


drejto be realized. Pala ds A : In every case the stoker s designed for the work it 
To get this, stoker fing isa necessity. Itisthe only has to do. _ It provides flexibility of firing that main- 
means of developing full steaming capacity under tains a thin, even, peaanete f fire, yet has ample 
all conditions of service. reserve capacity for the most adverse operating 
Stoker firing has made possible large Mallet loco- conditions. It is a sure way to get full boiler capa- 
motives having a grate area of 184 sq. ft. and burn- city at all times from any locomotive. 


THE STANDARD STOKER COMPANY 


Incorporated 
NEW YORK CHICAGO E IE 
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CHURCHILL 


PRECISION 
GRINDING MACHINES 


are used in 

Leading Railway Shops 
in all quarters 

of the globe! 


FOR GRINDING : 


Axles, Connecting Rods, Coupling 
Rods, Crankpins, Cylinder Bores, 
Expansion Links, Frame Stays, Horn 
Cheeks, Motion Pins, Pipe Flanges, 
Piston Rods, Piston Valve Bores, 
Regulator Valves, Slide Bars, Slide 
Valves, Superheater Headers, Wheel 


Bores, etc. 


BPE CHU R GHB L 
Machine Tool Co., Ltd., 


Broadheath, 


Home Selling Agents : 
Messrs. CHAS CHURCHILL & Co,, Ltd., 
London and Branches 


Manchester, England. 


Foreign Sales Organisation : 
Associated British Machine Tool Makers Ltd., 


London and Branches 


ce 


Moi 


Ae un LA SE 


CASTINGS 
INCLUDING 


Carriage Doors Sliding Windows 
Lavatory Floors Window Frames 
Seat Ends, Frames, and Pedestals 
Louvres Carlines 

and 


Internal Fittings 


are being used by the leading 
coach builders, and on the 
rolling stock of Railways at 
home and abroad. 


LIGHTALLOYS 
Patent 


Die Cast 
Sliding Light 


FRAME 


Brit. Patent 302.778 


4-11-28 


Alpax Works 
it-Leonards Road 


Willesden Junction 
London N.W.10 


FEED PUMPS 
& HEATERS 


FOR LOCOMOTIVES 


Increase efficiency by 10 °/. or more. 


Multi-tubular surface heater and 


direct-acting, simplex pump. 


Readily fitted to existing locomotives of 
all types. Great flexibility of feeding 
secured. Maintenance of boiler reduced 
Feeding at high temperatures absolutely 
reliable. 


Booklet on request. 


G. & J. Weir Ltd 


Cathcart, Glasgow 


Enquire 


about 
Cea 


For Axle Boxes 
For Traction Motors 
For Valve Gear 
For Lighting 
Generators 


Etc. 


THE HOFFMANN MFG. CO. LTD., CHELMSFORD, ESSEX 
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Replace Obsolete Signals with 


SA Searchlight Signals 


Old obsolete signal installations are 
the causes, on many roads, for frequent 
inspections and excessive maintenance 
costs. Have you considered the saving 
that can be effected by replacing your old 
equipment with modern SA Searchlight 


Signals now? 


These signals, due to their superior 
features, are now being used by over 


fifty different railways throughout the 


world. 
Compact in design Easily adjusted 
Can be used in any location. Alignment is made by hair line sight. 
Permanent Magnet Knife-edge Bearings 
Eliminates local winding, simplifies control, No lubrication required. Free from effects 
reduces energy consumption. of vibration. 
Easily stocked Universal in application 
Same inner case used for high or dwarf Permits use where clearance is limited. 
signals, _ Compound Lens 
Relay-Type Mechanism Is available which makes possible the use 
Possesses reliability of operation equal to of 3 watt, 4 volt lamp for primary battery 
that of a modern relay. territory. 


Companies distributing G. R. S. designed equipment : 
(GENERAL RAILWAY SIGNAL COMPANY Ltd. 


512, Australia House, Strand, London W. C. 2. 


GENERAL RAILWAY SIGNAL JBERICA S.AE. 


Via Layetana 18, Piso 5, Barcelona, Spain. 


GENERAL RAILWAY SIGNAL (COMPANY 


Rochester, N. Y., U.S. A. (A—1127) 


THE — = 
| INDIA RUBBER | — 


ON 
RAILWAY VEHICLES 


MAKERS OF SPRINGS AND RUBBER BRAKE 
- FITTINGS - ALL RAILWAY ACCESSORIES 


_ CHIEF OFFICE, wa CENTRAL BUILDINGS, 
~ WESTMINSTER, LONDON, S.W.1I. 
WORKS, BRADFORD. ON AVON, WILTS 


— _ Engineers = 
for the epilation of india subber 
: for all mechanical BUrposes: 


